Resistive Index in Obstructive Uropathy by Shokeir, A.A.
RESISTIVE INDEX IN OBSTRUCTIVE UROPATHY 
Resistentie-index in obstructieve uropathie 
PROEFSCHRIFT 
ter verkr~jging van de graad van doctor 
aan de Erasmus Universiteit Rotterdam 
op gezag van de rector magnificus 
Prof dr. P.W.C. Akkermans M.A. 
en volgens het besluit van het College yoor Promoties. 
De open bare verdediging zal plaats vinden op 
vvoensdag 3 maart 1999 am 15.45 um. 
door 
Ahmed Abdurrahman Shul{eir 
geboren te EI-Badrasheen. Geza. Egypte 
PROMOTIECOMMISSIE 
Promotor: Prof. dr. F.E. SchrOder 
Overige led en: Prof. dr. H. Buller 
Prof. dr. AJ. van der Heijden 
Prof dr. L.A.H. Monnens 
Co-promotores: Dr. lM. Nijman 
Dr. A.P. Provoost 
This PhD-thesis has been supported by a grant from the S.U.W.O. (scientific research 
foundation department ofUro!ogy Erasmus University Rotterdam). 
CONTENTS 
Page 
Chapter I 
Introduction and scope of the thesis 
I. I Resistive Index in obstructive uropathy 
1.2 Recoverability of renal function after relief of upper 13 
chronic partial urinary tract obstruction. 
1.3 Scope ofthe thesis 25 
Chapter 2 
Patiial ureteral obstruction: a new variable and reversible 
canine experimental model 
Chapter 3 
Partial ureteral obstruction: effect of intravenous normal 
27 
saline and furosemide upon the renal resistive index. 39 
Chapter 4 
Partial ureteric obstruction: a study of Doppler ultrasono-
graphy and diuretic renography in different grades and 
durations of obstruction. 5 I 
Chapter 5 
Partial ureteral obstruction: role of renal resistive index in 
stages of obstruction and release 65 
Chapter 6 
Renal Doppler ultrasound in children with normal upper 
urinary tracts: effect of fasting, hydration with normal 
saline, and furosemide administration. 81 
CONTENTS 
Chapter 7 
Renal doppler ultrasound in children with obstructive 
uropathy: effect of intravenous normal saline fluid load 
and furosemide 93 
Chapter 8 
Renal doppler ultrasound in children with equivocal 
obstructive uropathy: effect of intravenous normal saline 
fluid and furosemide. 105 
Chapter 9 
General discussion 117 
References 121 
S U111111 ary 129 
Samenvatting 131 
Curriculum vitae 135 
List of publications 136 
Dankwoord/aclmowledgements 141 
Chapter 1 
Introduction and Scope of the Thesis 
1.1 Resistive index in obstructive uropathy 
Ahmed A. Shokeir. Abraham P. Provoost and Rien .I.M. Nijman 
Urology & Nephrology Center, Mansoura University, Mansoura, Egypt 
and Depm1ments of Pediatric Surgery And Pediatric Urology, 
University Hospital, Erasmus University, Rotterdam, The Netherlands 
Br. .I. Urol. (1997) 80: 195-200 

INTRODUCTION 3 
The diagnosis of urinary tract obstruction is a difficult and 
perplexing problem particularly in children. Pyelocalyectasis is seen not 
only in obstruction but also in other conditions, such as residual 
dilatation afler relief of obstruction, vesicoureteral reflux and 
pyelonephritis. Grey-scale ultrasonography is of little value in this 
clinically impOliant distinction. The standard excretory urography 
(IVU), even with diuretic augmentation, does not permit the objective 
diagnosis or exclusion of urinary tract obstruction. The Whitaker test is 
considered by some authors to be the gold standard for the diagnosis of 
obstructive pyelocalyectasis but it is invasive and therefore has not 
gained wide use. Moreover, the intrinsic urine output of the kidney 
contributes an unknown volume to the total amount of fluid being 
infused, particularly in children, and the potential for false-positive 
results should be considered whenever the urine output of the 
corresponding kidney is high. Finally, the results are not always 
reproducible or consistent with surgical findings. 
Nowadays, diuretic renography is the most widely accepted 
non-invasive procedure to diagnose obstruction. However, it has the 
disadvantages of being expensive, using ionising radiation and having a 
10% -15% rate of false-positive and indeterminate results (Kass et aI., 
1985). Magnetic resonance imaging (MRI) (Thumher et aI., 1989) and 
various biochemical indicators of the response of the kidney to 
obstructive damage (Carr et aI., 1994) have recently been investigated. 
However, the clinical significance of such new approaches remains to be 
determined. 
The potential usefulness of the resistive index (R1) obtained 
during Doppler ultrasonography (DU) was recently described by Platt et 
al (1989a). The non-invasive nature of measurement of renal R1 gives it 
considerable appeal in its potential application to patients with 
obstructive uropathy. The present paper will review the current trends of 
the role ofR1 in the diagnosis of obstructive uropathy. 
RI: what does it mean? 
In 1979, Arima et al. used DU to identify an alteration in 
arterial blood flow in renal allografts undergoing rejection. This finding 
was accompanied by an increase in renal arterial resistance resulting 
fl'om a decrease in diastolic blood flow greater than the systolic flow. 
The RI is thus defined as: (peak systolic velocity - lowest diastolic 
velocity) / peak systolic velocity. 
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Rifkin et al. (1987) identified acute rejection based on the 
measurement of renal RI. The use of RI in the diagnosis of obstructive 
uropathy is based upon the physiologic characteristic that a decrease in 
renal blood flow and an increase in renovascular resistance arc the 
hallmarks of significant obstructive uropathy (Vaughan et aI., 1970). 
Platt et al. (1989a) recently observed that ureteric obstruction with 
hydronephrosis produced changes in Doppler waveforms, whereby an 
increase in downstream resistance resulted in a more marked reduction 
in diastolic blood flow compared to the systolic component. This 
difference causes an increase in RI. 
Technique of Doppler ultrasonography 
The application of an appropriate technique is essential for 
obtaining accurate results. Patients should be weI] hydrated and 
indwelling urethral catheter should be placed to ensure absence of 
bladder pressure artifacts. Most examinations are performed with 2.25, 
3, 3.5 or 3.75 MHz tranducers. The Doppler sample volume is set to 
2mL at 5 mm and placed at corticomedullary junction of the kidney 
(arcuate arteries) or along the border of medullary pyramids (interlobar 
arteries). These extremely small vessels have relatively low velocities 
with associated small fl"equency shifts and thus if the wrong Doppler 
settings are used, only slight deflections from the baseline will be 
produced, making accurate resistance measurements more difficult. To 
oil set this potential problem, the lowest wall filter for the pm1icular 
machine should be used. Perhaps more importantly the Doppler 
examination should be carried out using a scale with the smallest 
possible frequency range (minimum pulse repetition frequency) that 
does not produce aliasing (Platt et aI., 1991). This gives the highest 
sensitivity to low flow and generates a spectrum that fills as much of the 
scale as possible. Measurements made from Doppler spectrum that 
barely deviatc hom the baseline will be highly variable and can produce 
critical measurement errors (Platt et aI., 1991). 
To characterize intrarenal impedance, 1110st investigators have 
used RI. Others also use pulsatility inclex (PI), calculated as (peak 
systolic velocity - lowest diastolic velocity) I mean velocity. 
For most renal examinations, sampling from at least three 
different sites within the kidney is adequate to obtain a mean intrarenal 
RI. The major problcm with the tcchnique has been tcehnical error, 
either related to the technology used or the experience of the operator. 
However, the correct technique is not difficult to learn. 
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RI olnormal kidneys 
Adults 
The renal vascular bed in a normal kidney has low impedance 
to blood flow, which is reflected by continuous forward flow in diastole. 
The range of normal renal resistance as measured by DU (RI 
determination) has been assessed by several investigators (Norris et aI., 
1984; Platt et aI., 1989b; Gottlieb et aI., 1989; Kim et aI., 1992; Chen et 
aI., 1993) and is summarized in Table I. The mean RI in normal adult 
human kidneys ranges from 0.57 to 0.64. An RI value of 0.70 is usually 
regarded to be the upper limit in normal adult kidneys. 
Children 
Although an RI of 0.70 is accepted by most investigators as an 
upper level of normal in the adult population, more work needs to be 
done to establish accepted standards of normal and abnormal for 
paediatric renal Doppler waveforms. It has been shown that Doppler 
waveforms are likely to be age- dependent, particularly in infants 
(Gilbert et aI., 1993; Keller et aI., 1989; Keller et ai., 1991; Shokeir et al. 
1996b; Palmer et aI., 1991). Bude et al. (1992) repolied that the renal RI 
in healthy children is commonly above the upper limit in adults in the 
tirst year of life. The overall trend shows a decrease of RI with age. 
From 4 years on, the likelihood is low (2% probability) that the RI is 
above 0.70. Possible explanations for the higher RI in younger chi Idren 
are increased rena! vascular resistance and decreased total renal blood 
flow in the infant kidney (Gilbeli et aI., 1993). Further research in the 
paediatric age group is needed to define the age at which the kidneys 
asslIme adult renal resistance level. 
RI olobstructed kidneys 
Platt et al. (1989 ) hypothesized that renal obstruction, like 
other states of increased vascular resistance, would produce a change in 
the Doppler waveform causing an increase in RI. In their initial report, 
the mean (SD) RI value of 14 obstructed kidneys was 0.77 (0.04). 
Subsequently, data were presented confirming that ureteric obstruction 
produces a state of increased vascular resistance detectable by DU as an 
elevation of RI (Platt et aI., 1989a; Platt et aI., 1989b; Gottlieb et aI., 
1989; Gibel1 et aI., 1993; Palmer et aI., 1991; SI10keir et aI., 1996c) 
(table 1). 
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Table 1: RI values of normal and obstructed adult human kidneys 
Reference No. Pts. Mean (SD) RI Maximum RI 
Normal 
Norris et aI (1984) 21 0.64 (0.05) 0.70 
Platt et aI ( I 989b) 70 0.58 (0.05) 0.67 
Gottlieb et al (1989) 15 0.58 (0.04) 0.66 
Kim et al (1992) 28 0.63 (0.04) 
Chen et al ( 1993) 28 0.57 (0.06) 0.70 
Obsfrllcfed 
Platt et al (I 989a) 14 0.77 (0.04) 
Gottlieb et al (1989) 4 0.75 (0.06) 
Platt et al (1989b) 38 0.77 (0.05) 
Palmer et al (1991) 10 0.75 (0.04) 
Gilbert et al (1993) 7 0.83 (0.10) 
Shokeir et al (I 996c) 54 0.75 (0.06) 
Diagnostic accuracy 
Adults 
In an effort to define a good discriminatory value to 
differentiate obstructive from non-obstructive dilatation, Platt et ai. 
(1989b) reported on a large series of patients, including 70 with 
pyelocalyectasis, that allowed them to plot a receiver - operating curve 
that identified 0.70 to be an optimal discriminatory RI value. This 
threshold value achieved a sensitivity of 92%,a specificity of 88%, and 
an overall accuracy of 90% in diagnosing the presence or absence of 
obstruction in the adult population. Gottlieb et ai. (1989) reported a 
sensitivity of 100% in a small group of adult patients. But conversely, 
Chen et ai. (1993) rep0l1ed a low sensitivity (53%). The variation in the 
results could be attributed to the difference in the degree of urinary 
obstruction. 
Children 
In children, Gilbert et ai. (1993) showed a sensitivity of 100% 
and a specificity of85% when RI value of 0.70 was used to establish the 
diagnosis of obstruction against non-obstruction in 28 hydronephrotic 
paediatric kidneys. In a recent clinical study of 54 paediatric kidneys, 
we reported a sensitivity of 82%, a specificity of 63%, and an overall 
accuracy of 76% when an RI of 0.70 was used as the critical value to 
predict obstruction (Shokeir et aI., I 996c). 
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Causes offalse-positive results 
Abnormalities olpulse and blood pressure 
When an elevated RI is observed in a patient with presumed 
normal kidneys, the data should be correlated with the patient's heart 
rate and blood pressure. It was shown previously that heart rate and 
blood pressure at physiological extremes can alter the renal RI without 
renal pathology being present. Therefor, the level of these two variables 
should be known to interpret the renal RI. Significant hypotension and a 
low heali rate appear capable of producing an elevation of RI without a 
true change in renal vascular impedance (Mostbeck et aI., 1990). 
Children 
As mentioned above, the RI is higher in normal young children 
and infants than in adults (Gilbert et aI., 1993; Keller et aI., 1989; Keller 
et aI., 1991; Shokeir et aI., 1996b; Palmer et aI., 1991; Bude et aI., 
1992). Consequently, specially in the very young patient, an Rl value 
found to be elevated by the adult standard, may either be due to 
obstruction or may be normal for a young child. A normal RI (i.e.< 
0.70) in this setting should be of value, arguing against obstruction in 
the setting of a dilated collecting system. 
Dehydration 
We have recently observed that the RI is 2: 0.70 in 54% of non-
obstructed kidneys in fasting children (Shokeir et aI., 1996b). After 
hydration, the RI regains its normal value; this observation addresses the 
impOliance of at least oral hydration for proper interpretation of Doppler 
studies. 
Renal medical disease.>,' 
Previolls investigators reported an elevation in renal vascular 
impedance with chronic hypertension (Norris et aI., 1984), and acute 
renal failure (Wong et aI., 1989). In 17 children with acute renal failure 
caused by the haemolytic - uraemic syndrome, Patriquin et al. (1989) 
found an elevated RI during the an uric- oliguric phase of this disease. 
Platt et al. (1989b) studied 50 patients with renal medical diseases and 
found elevated RI in half of these patients. Therefore, in the setting of 
known renal medical disease and pyelocalyectasis, an elevated RI could 
be due to the renal disease or obstruction, thus limiting the value of an 
abnormal RI in this pmiicular situation. Again, a normal RI in this 
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setting would still be helpful by arguing against thc presence of 
obstruction. 
Causes of false- negative results 
Acute obstruction 
The role of renal DU in the evaluation of acute renal 
obstruction has generated a vigorous commentary in the radiological 
literature (Cronan et aI., 1995; Platt et aI., 1995; Urlich et aI., 1995). To 
resolve this issue it is necessary to review the experimentally well-
documented blood flow changes associated with acute obstruction, that 
appear to follow a characteristic triphasic response (Vaughan et aI., 
1970). Immediately after obstruction, renal blood flow increases in 
response to rising ureteric pressure. This vascular response generally 
lasts less than 1.5 - 2 hours, and is believed to bc the result of 
preglomerular vasodilatation. Over the next 2 - 4 hours, therc is a 
gradual decrease in renal blood flow with continued elevation in the 
pelvic and ureteric pressures, presumably caused by postglomcrular 
vasoconstriction. With obstruction lasting more than 3 - 5 hOLlrs, a third 
and chronic phase develops in which renal blood Ilow rcturns to 
baseline levels and then steadily declines. This vascular response is 
associated with decreasing intrapelvic and ureteric pressures and appears 
to be caused by preglomerular vasoconstriction. While experimental 
studies implicate vasodilators (prostagaindills) and vasoconstrictors 
(thromboxane, the renin - angiotensin system and endothelin) in these 
renovascular responses, the precise triggers, sequencing and mechan-
isms have yet to be defined (Urlicb et aI., 1995). Because, early in the 
time course of obstruction, vasoactive peptides cause renal blood flow to 
vary with time by producing opposite effects ( constriction and 
dilatation) in different scgments of the glomerular vascular tree, it would 
be expected that before reaching the chronic and sustained phase of 
obstruction- induced vasoconstriction, RI measurements would reflect 
this variability and be inaccurate and non-diagnostic as an indicator of 
obstruction (Urlich et aI., 1995). 
Mild obstruction 
Most investigators agree that marked partial ureteric obstruction 
results in an increase in intrarenal vascular resistance that is reflected as 
an elevation of RI. The increase of vascular resistance in mild 
obstruction is still a matter of controversy and has generated a heated 
debate. While this concept has been supp0l1ed by some (Ryan el aI., 
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1987), it has been questioned by others (Chen et aI., 1993; Chevalier et 
aI., 1986). Differenccs in results could be explained by the differencc in 
the definition of mild obstruction. Although a normal Doppler study 
argues against significant obstruction, it does not imply that a ureter is 
I'ree of any minimal regions of narrowing. Therefore, the renal Doppler 
examination alone does not suffice if precise anatomical information is 
required. 
J\lfarkedly dilated collecNng system 
Platt et al. (1989b) also noted that markedly hydronephrotic 
kidneys did not show an incrcase in RI despite the presence of what was 
considered to be obviolls urinary obstruction. This lack of response 
could be caused by a marked decrease in absolute blood flow in chronic 
high-grade obstruction, decreased filtration pressure produced by 
minimally functioning renal COliex or elevated compliance in a 
capacious dilated collccting system (Urlich et aI., 1995). 
Ho,v to improve the diagnostic accuracy 
C()mparison to contralaleral kidney without diuresis 
The accuracy of the discriminatory value of Rl (0.70) can be 
improved by evaluating thc contralateral kidney, specially in acute 
obstruction in which the RI may not yet have excecded the 0.70 limit. If 
there is a difference of ,,0.10 between the obstructed and the 
contralateral kidney, this strengthens the diagnosis (Platt et aI., 1991). 
Comparison of the RI in the two kidneys increased the sensitivity from 
57% to 71 % in acute obstruction (Rodgers et aI., 1992). The use of the 
obstructed to normal RI ratio (RIR) is also helpful. A ratio of 1.15 has 
been given by Urlich et al. (1995) as diagnostic of acute obstruction. 
I<.eller et al. (1991) used the RIR in 48 patients with unilateral 
obstruction and 34 normal controls, showing that with an RIR of" 1.11, 
the sensitivity for detecting obstruction was 77%, while the specificity 
for excluding obstruction was 81 %. Obviously, comparison with the 
contralateral kidney is not suitable in patients with bilateral renal 
obstruction and in those with solitary kidneys. 
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Diuresis 
Ordorica et al. (1993) indicated that an increase of RI of:> 15% 
after frusemide injection is diagnostic of obstruction. We have also 
shown that infusion of normal saline and administration of frusemide 
significantly increased the sensitivity, specificity, and overall accuracy 
of RI in the diagnosis of obstructed kidneys in children (Shokeir et aI., 
1996c). 
Comparison to contralateral kidney with diuresis 
Palmer et al. (1991) investigated DU in children before and 
after administering intravenous frusemide, showing that it causes the RI 
to increase above baseline in obstructed kidneys and does not 
significantly affect the RI compared to baseline in normal and non-
obstructed pyelocalyectatic kidneys. Bude et al. (1994) showed that 
infusion of normal saline and administration of frusemide significantly 
decreased the RI of non-obstructed renal units compared with baseline 
values. We have confirmed the results of Bude et aI. in 14 children with 
normal upper urinary tracts (Shokeir et aI., 1996b). In experimental 
studies, we showed that infusion of saline and frusemide causes the RI 
to decrease in non-obstructed kidneys and to increase in obstructed ones 
(Shokeir et aI., 1996a; Shokeir et aI., 1997a; Shokeir et aI., 1997b). This 
divergent response could help identify obstruction and is better than a 
simple discriminatory value of Rl. However, this approach is not 
applicable in solitary kidneys or bilateral obstruction. 
RI afier relielolohstruction 
Platt et al. (1989a) reported a decrease of RI in nine of 10 adult 
patients 2-9 days after the relief of obstruction. Similarly, Ordorica et al. 
(1993) showed that, in all nine kidneys measured 3 months post-
operatively the Rl had decreased to < 0.75. We also found a reversal of 
RI after relief of mild and severe degrees of obstruction in an 
experimental model (Shokeir et aI., 1997b). On the other hand, Chen et 
al. (1993) measured RI in five adult patients after release of obstruction 
and found that in two the RI remained elevated. It would be interesting 
to determine the factors interfering with reversal of RI after the relief of 
obstruction, e. g. the age of the patient, type and duration of obstruction, 
together with the degree of vascular and parenchymal damage. 
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Prediction of recover ability of renal function 
We recently showed that recovery of renal function could not 
be predicted from the changes of RI before de-obstruction (Shokeir et 
aI., 1997b). However, we noted that a reversal of a previously elevated 
Rl could be used as an early indicator that recovery of renal function is 
likely. This could be applied clinically by monitoring RI before and 
after the temporary release of obstruction via percutaneolls nephro-
stomy. In Illture, we may be able to couple DU with the administration 
of vasoactive drugs to detect a reversal of a high RI to predict recovery 
following corrective surgery (Vaughan et aI., 1995). 
Relation with diuretic renography 
In 1985, Kass et ai, used the drainage half-time (TY,) as an 
objective tool in the diagnosis of obstruction; TI/2 is defined as the inter-
val necessary for half of the radioisotope in the renal collecting system 
to be eliminated after the administration of frusemide. Kidneys with a 
PI, of < 10 min are non-obstructed and those with TV2 of> 20 min are 
obstructed. The overall accuracy of TV2 in the diagnosis of obstruction 
approaches 90% (Kass et aI., 1985). 
Recent urological and radiological reports showed a good 
positive correlation between RI and TIl> (Gilbert et aI., 1993; Shokeir et 
aI., 1996a; Ordorica et aI., 1993; Shokeir et aI., 1996c). Thus a hydro-
nephrotic kidney with a non-obstructed TV> on diuretic renography can 
be followed closely with surveillance renal DU, obviating the need for 
frequent isotope renal scintigraphy. 
Current clinical utility 
There is an expanding body of information which suggests that 
DU will be more often used to identify clinically significant obstructive 
uropathy. However, at present, DU does not suffice if precise 
anatomical information is required. Therefore, it cannot be Llsed as a 
single modality for evaluating a patient with hydronephrosis. RI 
provides corroboration of the initial diuretic renogram and is considered 
as a non-invasive modality for monitoring the dilated collecting system 
under observation. Additionally, this method provides a non-invasive 
modality for monitoring patients after re-constructive surgery of the 
upper urinary tract. 
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Conclusions 
(i) Renal obstruction, like other states of increased vascular 
resistance, produces a change in the Doppler waveform causing 
elevation of RI. (ii) An RI value of 0.70 is accepted by most 
investigators to be the upper limit of normal in adult population. (iii) 
Renal outflow obstruction is not the only cause of elevation of RI. Thc 
RI value could exceed 0.70 without obstruction in children, particularly 
infants, and in patients with non-urological renal diseases. Moreover, 
dehydration, hypotension and a low he3l1 rate appear capable to cause 
an elevation of RI without a true change in renal vascular impedance. 
However, a normal RI in these conditions is still a strong argument 
against obstruction. (iv) More work needs to be done to establish the 
role of RI in acute and in mild chronic renal outtlow obstruction. (v) 
Diuretic DU is better than DU at baseline conditions. (vi) In cases of 
unilateral pyelocalyectasis, the use of RlR particularly after infusion of 
normal sal inc and administration of frusemide. significantly improves 
the diagnostic accuracy to identify obstruction. (vi) Experimentally, 
recovery of renal function could not be predicted from changes of RI 
before de-obstruction. However, reversal of a previollsly elevated RI 
could be lIsed as an early indicator that recovery of renal function is 
likely. (viii) DU is a physiological investigation and is insufficient if 
precise anatomical details arc required. Therefore, it could not be used 
alone to evaluate a patient with hydronephrosis. (ix) There is a good 
positive correlation between RI and T'h' Therefore, DU could be used 
for monitoring the dilated collecting systems under observation 
obviating the need for frequent radioisotope scintigraphy. 
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1.2 Recoverability of renal function after relief of upper 
chronic partial urinary tract obstruction. 
Ahmed A. Shokeir, Abraham P. Provoost and Rien J.M. Nijman 
Urology & Nephrology Center, Mansoura University, Mansoura,Egypt 
and Departments of Pediatric Surgery And Pediatric Urology, 
University Hospital, Erasmus University, Rotterdam,The Netherlands 
Br. J. Urol. (in press) 
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Obstructive uropathy with resultant hydronephrosis is the eventual 
outcome of many urologic disorders. Apart from accidental ligation or 
ureteric calculus, obstruction in humans is nearly always chronic and 
pattial. The accurate prediction of recoverability of the kidney function 
after release of chronic partial obstruction is of great clinical value to the 
urologist and nephrologist. If restoration or improvement of renal function 
appears probable. surgical relief of obstruction may be indicated even 
though there has been a considerable initial loss of function. In patients 
whose kidney function is irreversibly damaged by the underlying 
obstructive process, it may be preferable to apply non-surgical manage-
ment or total removal of the disordered system by nephrectomy. The aim 
of the present paper is to discuss the different factors that may potentially 
affect recoverability and to review the currently available tests that have 
been proposed to predict recovery of renal function upon relief of chronic 
patiial obstruction. 
Faclors that may afjixt recovery ofrenalfimction 
Dura/ion qj"obslrllctiol1 
The degree of recovery of renal function after release of unilateral 
ureteral obstruction correlates inversely with the duration of the obstruction 
(Vaughan et al., 1970; Ryan et al., 1978). In dogs there was rarely any 
return of renal function with release of unilateral complete ureteral 
obstruction after 40 days (Vaughan et al., 1971). However, the situation in 
humans is largely unknown. Return of function has been reported to occurr 
in clinical cases after more than ISO days of complete obstruction (Shapiro 
et al., 1976). The reason for the lack of correlation between the 
experimental data and the clinical situation is that the complete occlusion 
of the ureter by ligation obtained in animals is not comparable to the 
incomplete occlusions that are morc likely to occur in clinical types of 
hydronephrosis. 
Function qlthe contralateral kidney 
In the past, theories of renal counterbalance and renal atrophy of 
disuse have considerably atfected the treatment options of long lasting 
unilateral ureteral obstruction. It was commonly believed that once 
hypeltrophy of the contralateral healthy kidney has fully developed the 
damaged kidney would not regain its function (Hinman, 1943). 
Hydronephrotic atrophy was considered complete in 6 months, while 
compensatory hypertrophy was considered complete in 4-6 weeks 
(Hinman, 1943). Animal as well as human studies challenged this theol)' 
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and now it is well established that recovery of even a poorly limctioning 
kidney is possible despite compensatory hypertrophy of its mate. 
Nevertheless, the degree of recovery of the damaged kidney is inlluenced 
by the functional status of the contralateral kidney. Prominent recovcry is 
seen under the stimulus of impaired function or removal of the opposite 
kidney (Kerr, 1956; Kerr, 1954; Provoost et aI., 1981 ). 
Schirmer and Hendricks (1969), studying metabolic aspects of 
unilateral hydronephrosis, reported that oxygen consumption in the 
obstructed kidney fell to 30% of control after 2 weeks of complete ureteral 
occlusion. If the obstruction was then released the oxygen consumption of 
the hydronephrotic tissue would recover to 70% of control. However, if the 
contralateral ureter was subsequently obstructed the recovery of the 
previously hydronephrotic kidney was further enhanced to 87% of control. 
Age 
Experimental studies in rats have indicated that age at the time of 
obstruction is an imp0!1ant factor determining the subsequent damage 
caused by ureteral obstruction. Provoost et al. (1989) reported that 
immature kidneys appeared to be more vulnerable to the damaging effects 
of a complete ureteral obstruction than adult ones. Furthermore, in a series 
of elegant experiments, Josephson and co-workers (Josephson, 1983; 
Stenberg et aI., 1985; Josephson et aI., 1987) showed that partial 
obstruction in the new born rat induced more severe damage compared to 
weaning or pubescent rats. Finally, it should be noted that in rats with 
congenital hydronephrosis, the mere presence of hydronephrosis not 
necessarily results in an impairment of glomerular liltration rate (GFR) 
(Provoost et aI., 1990; Provoost et aI., 1991). 
In children, many urologists feel that the potential for recovery of 
what seems to be a severely damaged renal unit is great (Gillenwater, 
1992). In a clinical study of 45 neonates with hydronephrosis, KolT and 
Campbell (1994) have demonstrated that even the most severely 
hydronephrotic functionally impaired kidneys had good potential for 
improvement. Bassiouny (1992) reported remarkable recovery of renal 
hmction in ten neonates with clinically palpable hydronephrotic non-
visualizing kidneys with differential renographic clearance less than 10%. 
In the light of previous comments, the unpredictable recoverability of 
obstructed hydronephrotic kidneys in young children mllst govern all 
action. However, there are studies to the contrary which show clearly that 
kidneys with less than 10% function may not perform in the long rUIl and a 
reconstructive procedure may be part ofa two-stage nephrectomy (Dhillon, 
1998). 
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Pyelo-Iymphatic hackflow 
It has been postulated that preservation of renal flmction in 
hydronephrosis is augmented due to pyelo-Iymphatic backflow. The 
reabsorption of renal pelvis urine into the lymphatics allows replacement 
of glomerular filtration to occur. It has been demonstrated that if the 
lymphatics alone are ligated, there is no necrosis, only a parenchymatous 
degeneration of the tubular cells. Ligation of both the lymphatics and the 
ureter produces severe renal damage with necrosis, and destruction may be 
seen in several days instead of several months (Gillenwater, 1992). 
Compliance 0lthe ureter and renal pelvis 
If the ureter and renal pelvis are vcry compliant they would take 
the brunt of the back-prcssure generated and protect the kidneys. However, 
if the ureter and pelvis are non-compliant, particularly if the pelvis is intra-
renal, there will be significant calyceal dilatation and atrophy of the renal 
cortex. 
Other confounding,factors: 
Return of function may well depend upon additional factors such 
as the presence or absence of infection, concurrent nephrotoxic 
mcd ications, contrast materials, and other nephrotoxic agents. Moreover, 
the component of dysplasia in the kidney plays a major influence in 
rccovery of renal function, particularly in children. If an obstructed kidney 
has a significant dysplastic component it will not regain its function 
significantly after release of obstruction. 
Method" ojjJl'ediction ojrecoverability 
ErcreiOlY uro:{raphy (JVU) and Grey-scale ultrasonography: 
The IVU, though a primary diagnostic procedure, remains a 
qualitative examination and does not accurately indicate the tlillctional 
mass of each kidney. IVU could not be used for prediction of recovery in 
obstructive uropathy. Many cases with non-visual ising kidneys on I VU 
regained reasonable function atier relief of obstruction in both children 
(8assiouny, 1992) and adults (Lome et aI., 1979). 
Grey-scale Ultrasonography is of great help in the evaluation of 
the degree of obstructive renal damage through assessment of the thickness 
of the renal parenchyma. Moreover, grey-scale ultrasonography can 
suspect renal medical diseases through the echogenicity of the renal 
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parenchyma. Provided that there is no renal medical disease. the more the 
thickness of renal parenchyma, the better the recovery of the renal function 
after relief of obstruction (Belis et aI., 1982). 
Sequential ultrasound scans in the paediatric age group may 
reveal a good potential for recovery if there is renal growth in the interim. 
It has been shown clearly that ifthe kidneys stop growing or do not grow 
as expected, the situation may be slightly worse. 
Radioisotope renography: 
Radioisotope renal scan has been suggested as a method to assess 
the potential reversibility in functional impairment of renal tissue damaged 
by obstructive disease. Several agents have been used for this purpose, 
such as technetium-diethylenetriaminepentaacetic acid ("J"'Tc-DTPA) 
(Bassiouny, 1992; Lome et aI., 1979; Ransley et aI., 1991), iodine-
0I1hoiodohippurate (11'1_0IH) (Shapiro et aI., 1976; Kalika et aI., 1981), 
and technetium-dimercapto-succinic acid (99"'Tc-DMSA) (Chibber et aI., 
1981; Schellhout et aI., 1983). The results of various renal scans are 
conflicting because the different agents are handled differently by the 
kidney and thus measure different aspects of renal function. 99"'Tc-DTPA 
is eliminated by glomerular filtration only and has been used as an index of 
OFR. 11'1_0IH is not only filtered but also secreted in renal tubular cells 
and measures renal blood flow rather than OFR, although a fair correlation 
with OFR is usually present. After injection, 99"'Tc-DMSA accumulates in 
the cytoplasm of proximal tubular cells. Fifteen to 20% is eliminated in 
urine in 24 hours and it is used to assess functioning renal cortical tissue 
mass. 
In early obstruction renal tubular function is altered minimally and 
tubular agents such as 11'1_0IH and 99mTc_DMSA may be useful in 
documenting decreasing renal ti.mction (Kalika et aI., 1981). However, in 
advanced stages of obstruction in which tubular function is altered 
maximally a glomerular agent, such as 99IllTc_DTPA is the choice for 
evaluation of recoverable renal function. Sherman and Blaufox (1980) 
demonstrated that in patients with obstructive uropathy and non-
visualisation of the kidney with hippuran scan, even if the kidney does not 
I I · . I ~ ~ . I . <J<J"'T ta(e LIp any 1JppUran, a potentia lor IlIDctJOna recovery eXists. c-
DTPA scintiscan images demonstrated residual function in advanced 
chronically obstructed kidneys, in which IJI I_OIH, 99"'Tc-DMSA and 
intravenous urography (IVU) all had been negative. 
Recently, a new technetium-labelled J;hysiologic analogue to '1'1_ 
OIH, technetium-mercaptoacetyltriglycine (<J "'Tc-MA01) has been syn-
thesised. Its biologic properties are similar to those of hippuran, but its 
physical properties are superior. This agent combines the advantages of 
high renal extraction with a proper energy emission for gamma camera. 
INTRODUCTION 19 
Both radio-pharmaceuticals are filtered by the glomeruli and secreted by 
the renal tubules. Studies in normal, poorly functioning, and transplanted 
kidneys have shown that 99"'Tc-MAO) can replace hippuran in renography 
and no side-effects have hitherto been reported (Hvid-Jacobson et aI., 
1990; Pavia et aI., 1991; Muller-Suur et aI., 1990). With these merits in 
mind, it becomes tempting to evaluate whether 99Il1Tc_MAG3 scintigraphy 
can provide a sensitive tool for evaluation of renal function with the intent 
of prediction of potential functional recoverability in obstructive uropathy. 
The utility of this agent in this particular aspect has not been addressed in 
the literature. 
Most investigators have lIsed radiolluclide quantification of renal 
function lor assessment of renal recoverability. Basically, two approaches 
have been taken to quantify renal function via renography. One has been to 
perform absolute quantification, i.e. to obtain a discrete value of OFR or 
effective renal plasma flow (ERPF). There is an almost general agreement 
among urologists that if the relative renographic OFR or ERPF has fallen 
below 10% very little recovery of the kidney function can be expected after 
de-obstruction, whereas above 10% kidney function can improve 
considerably (Bassiouny, 1992; Lome et aI., 1979; Ransley et aI., 1991; 
Kalika et aI., 1981; Chibber et aI., 1981; Schelfhout et aI., 1983). The better 
the radionuclide uptake, the better the recuperation after de-obstruction. In 
a recent experimental study Llsing 99IllTc_MAG3 we have demonstrated that 
in dogs with a partial ureteral obstruction, resulting in an ERPF as low as 
12% of the basal value, a good recovery is still possible upon removal of 
the obstruction (Shokeir et aI., I 997b). 
Renography may be misleading in neonates and young children 
with severe hydronephrosis because blood flow is diminished and the renal 
parenchyma is thin and displaced resulting in inaccurate calculation 
(Bassiouny, 1992). A poor renographic function alone does not justify 
nephrectomy in these patients. Therefore, the test should be used only to 
support surgical correction but not to justifY nephrectomy. Whenever there 
is a question of potential renal function in children, additional diagnostic 
studies are indicated. 
Kalika et (1981) al used a qualitative approach for predicting 
recoverability of renal function by comparing lJ11-01H renogram curves 
generated li'Dln the renal cortex and from the whole kidney. The results 
suppot1ed the hypothesis that when cortical curves appear more normal 
than total kidney curves there is a strong likelihood of post-operative 
improvement of renal function when the obstruction is relieved. Abnormal 
c0l1icai curves are associated with a poor prognosis for renal functional 
improvement. Recoverability of kidney function in patients with acute 
obstruction was predicted in 89% and in those with chronic obstruction in 
96%. The overall accuracy for acute and chronic obstruction was 94% 
(Kalika et aI., 1981). However, because of the occasional patient who may 
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havc improvcment despite a negative prediction, Kalika et al. (1981) 
recommended that the test is better suited at present towards choosing 
patients in whom a possibility of surgical benefit exists. 
Percutaneous nephrostomy (peN) 
A PCN performed before surgical correction can provide 
information about the potential to recover of the affected kidney. Ransley 
et al. (1991) studied newborns with ureteropelvic junction obstruction and 
poor rcnal function by insertion of a pigtail nephrostomy tube. They 
d 99", ft kfd' d lin erwent a repeat Tc-DTPA scan a er 3 wee 5 0 ramage, an 
proceeded to either nephrectomy (if function is less than 10%) or 
pyeloplasty (if function is more than 10%). One third of these patients 
showed useful tlmctional recovery. Therefore, they recommended that 
nephrectomy should not be pertormed without a period of pigtail catheter 
drainage (Ransely et aI., 1991). Nevertheless, thc same authors have 
recently changed their strategy. They no lon~er Lise nephrostomy drainage 
and proceed directly to nephrectomy if the' "'Tc-MAG, GFR is less than 
10% (Dhillon, 1998). 
Gillenwater (1992) stated that the best method to determine 
absolute degree of injury and recoverability is by temporarily relieving the 
obstruction with a nephrostomy tube and following renal function by 
creatinine clearance. However, he did not indicate the level of creatinine 
clearance above which obstruction should be corrected. Cronan (1991) 
advised to allow the renal unit sufficient timc tor recovery after placement 
of peN. Up to 8 weeks is necessary before the kidney has established its 
new baseline level of function. On the other hand, Bassiouny (1992) did 
110t recommend nephrostomy in neonates with poor renal function because 
it may be difficult to pertorm in neonates and eventually introduces 
infection, causes retraction of the renal pelvis and additional renal damage, 
and increases thc risk of complications at the time of pyeloplasty with 
more difficult surgery. 
Surgical Exploration 
Bassiouny (1992) has recently repOited his experience in the 
management of 10 neonates who presented with non-visualising 
hydronephrotic kidneys due to ureteropelvic junction obstruction with a 
differential ()1)IllTc_DTPA uptake Jess than 10%. He recommended that the 
decision to remove or preserve a kidney in a neonate should be made at 
surgery after prior confirmation of the presence of obstruction. At 
operation the parenchyma usually appcars thin and stretched over a 
distended tense renal pelvis (Bassiouny, 1992). An assessment should be 
made of the overall bulk of the stretched-out renal parenchyma rather than 
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its thickness since decompression may be rewarded by return of significant 
kidney function (Johnston et aI., 1977). Using the policy of immediate 
surgical repair after confirmation of the diagnosis, Bassiouny (1992) 
reported remarkable recovery of renal function (more than 100% on renal 
scintigraphy, albeit from low basal levels) in all his patients. 
Enzymuria 
Huland et al. (1988) put the theory that hydronephrotic atrophy in 
adult rats after different grades of stable partial ureteral obstruction 
dcvelops in 2 phascs: a destructive phasc followed by a steady-state phase. 
They showed that relief of obstruction in the destructive phase, but not in 
the steady-state phase, was able to improve or prcvent hydronephrotic 
atrophy. Since the duration ortlle ureteral obstruction in humans is usually 
not known, the urinary enzymes were studied in rats after pa!1ial unilateral 
ureteral obstruction to identify the destructive phase. They chose two 
markers of tubular damage, the lysosomal enzyme N-acetyl-
glucosaminidase (NAG) and the brush border enzyme gamma-glutamy-
transferase (gamma-GT). The NAG concentration, but not so much 
gamma-GT concentration, was higher in the urine of the obstructed kidney 
than in the urine of the contralateral control kidney, in the first two weeks 
after obstruction, and then returned to normal. These observations lead to 
the conclusion that the destructive phase after unilateral ureteral 
obstruction can be identified by the appearance of high urinary tubular 
lysosomal enzyme content. The clinical implication is that the timing of 
rclief of asymptomatic stable pal1ial ureteral obstruction of unknown 
cluration can be based on the concentration of urinary lysosomal enzymes. 
Clinical studies in children (Carr et al.. 1994) as well as in adults 
(Tataranni et aI., 1987) are promising, indicating that urinary enzymes may 
be helpful in the diagnosis of upper urinary tract obstruction and in 
identifying the proper timing of its relief However, urinary enzymes Illay 
be elevated in conditions other than urinary obstruction, among them 
tubular damage due to ncphrotoxic drugs. hypel1ension, diabetes, and acute 
tubular necrosis (Huland et aI., 1998). Moreover, high urinary enzymes 
was noted in patients with acute urinary tract infection (Tataranni et aI., 
1987). More work needs to be done to determine the clinical usefulness of 
urinary enzymes in prediction of recoverability of renal function after 
release of obstruction. 
'fi'alJ.I'/oJ'ming .~ry·owlhfac/or-bela (TGF-b) 
TGF-b is one of the growth factors which are elaborated by the 
kidney and have been implicated in nephrogenesis. In the kidney, TGF-b 
affects mesenchymal differentiation and promotes extracellular matrix 
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formation which results in collagen synthesis. Specitically in the urinary 
tract, TGF-b is elevated in the kidney after induced obstruction (Walton et 
aI., 1992). A high level of TGF-b expression correlates with muscle 
hypertrophy and increased collagen deposition which remodel the renal 
pelvis in response to obstruction. The lower level of TGF-b expression in 
chronic obstruction may reflect a limit of re-modeling once a steady state 
has been achieved. 
Seremetis and Maizels (1996) have recently demonstrated that 
there is an increase of TGF-b mRNA expression in the renal pelvis 
following clinical and experimental ureteropelvic junction obstruction. 
They have also shown that high level of TGF-b mRNA expression 
correlated significantly with good clinical outcome. Other studies are 
invited to confirm these observations and to detennine the correlation 
between the level ofTGF-b and recoverability of renal function. 
Doppler ultrasonography 
Resistive index (RI) obtained during Doppler ultrasonography 
(DU) has been recently described by Platt et al. (l998a). The non-invasive 
nature of measurement of renal RI gives it considerable appeal in its 
potential application to patients with obstructive uropathy. We have 
recently demonstrated in an experimental study that recovery of the renal 
function could not be predicted from the changes of RI before de-
obstruction (Shokeir et aJ., 1997b). However, we have revealed that a 
reversal of a previously elevated RI could be used as an early indicator that 
recovery of renal function is likely. This could be clinically applied by 
monitoring RI before and after temporary release of obstruction via 
percutaneous nephrostomy. In the future, we may be able to couple DU 
with the administration of vasoactive drugs to look for a reversal of a high 
RI to predict recovery following corrective surgery (Vaughan, 1998). 
Other suggested methods 
Renal Biop'y 
To our knowledge there are only three studies to document 
histological changes in children with ureteropelvic junction obstruction 
(Steinhardt et aI., 1998; Krueger et aI., 1980; Elder et aI., 1995 ). In severe 
cases ureteropelvic junction obstruction may calise substantial renal 
damage. Steinhardt et al. (1989) studied 20 patients undergoing 
nephrectomy for severe obstruction of whom 75% had interstitial fibrosis 
with inflammation, 70% had glomerulosclerosis with inflammation, 30% 
had medullary dysplasia and 15% had glomerular cystic changes. Krueger 
et al. (1980) previously showed that renal biopsy was normal in 7 of 13 
children (54%) undergoing pyeloplasty. In that series 2 of 4 patients with a 
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half- time drainage less than 10 minutes had an abnormal biopsy but 4 of 6 
with a half-time drainage greater than 30 minutes had a normal renal 
biopsy. Elder et al.(1995) retrospectively analyzed the renal biopsy 
obtained during pyeloplasty in 55 children with a mean age of 4.9 years 
(range: 4 days to 19 years). Histological changes were compared to the 
preoperative differential renal function. Histological changes were graded 
on a scale of I to 5. Differential function on diuretic renography correlated 
with histological grade since kidneys with normal histology had a higher 
differential renal function than abnormal kidneys. However, from those 
kidneys with differential function greater than 40%,21% had a histological 
grade 3 or 4 on renal biopsy. Conversely, from those kidneys with 
differential function less than 40%, 33% were normal or had minimal 
histological changes. Thus, in about 25% of children with ureteropelvic 
junction obstruction there is a disparity between preoperative dillerential 
renal function computed during diuretic renography and the findings on 
renal biopsy. 
To the best of our knowledge, the correlation between the 
different degrees of histological changes during obstructive uropathy has 
never been correlated to the recoverability of renal function after relief of 
obstruction. Studies of such a subject may help urologist to predict the 
degree of recoverability of renal function after relief of obstruction 
according to information gained via preoperative percutaneous renal 
biopsy. 
Estimation qlrenal parenchymal volume 
One of the arbitrary criteria used to indicate whether repair of 
obstructive uropathy is warranted is the measurement of the parenchymal 
thickness by ultrasonography. It has been estimated that the presence of a 
centimeter or more of parenchyma is a good prognostic parameter (Selis et 
aI., 1982). In hydronephrotic kidneys, however, the parenchymal thickness 
is irregular and its measurement at one or more points does not reflect the 
true amount of the remaining nephrons. Therefore, we suppose that 
measurement of the whole volume afrenal parenchyma by ultrasound, CT, 
or MRI may be beneficial in the context of prediction of recoverability of 
renal function in obstructive uropathy. 
Preoperative percutaneous renal biopsy and estimation of the 
volume of renal mass provide both qualitative and quantitative information 
of the renal parenchyma and may be a good combination in prediction of 
recoverability of renal function. 
Rena!/imctiona! reserve 
The concept of renal functional reserve has been recently 
introduced to express the extent to which kidney can respond to a 
metabolic or haemodynamic overload. The idea of the test is to measure 
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the selective renal function at basal condition by radioisotope renography; 
then the kidney is put under a stress condition by induction of diuresis, an 
injection of dopamine and an amino acid-load. The selective renal function 
is measured again under the stress condition. The renal functional reserve 
is determined by subtracting the renal function at basal condition from that 
under stress. The details of the test was previously described (Shakeir et 
aI., 1994). Some functional reserve can always be detected this way, even 
in patients with significant advanced renal damage. Whether the estimated 
functional reserve correlates with the potential of recoverability after de-
obstructing a hydronephrotic kidney is difficult to ascertain at present. 
Conclusions 
I. An IVU is not very suitable to predict recovery of renal function in 
obstructive uropathy. 
2. Most investigators agree that in the adult population, a kidney with a 
()l)IllTc_DTPA OFR of less than 10% of the total normal OFR 
(approximately 10 ml/min) is considered not salvable. 
J. Renograms lllay be misleading in neonates and young children. 
Therefore, they should be used to SUppOlt the decision for surgical 
correction. The decision of nephrectomy should not be solely based on 
renograms, but other factors should also be considered. 
4. It is difficult to differentiate the unsalvable from potentially salvable 
kidneys when using a single test only. Under such circumstances, 
combining different tests may be helpful to reach a proper decision. 
S. Extensive work needs to be done to establish the clinical usefulness of 
the new non-invasive predictors of recoverability of renal functional, 
such as, urinary NAG excretion, renal TGF-b expression, and the Rl. 
6. Correlations between recoverability of renal ti.mction and histological 
changes secondary to obstruction. like renal mass as determined by 
ultrasound, CT, or MR1, and renal functional reserve need to be 
studied. 
INTRODUCTION 25 
1.3 Scope of the thesis 
The aim of this study was to determine the role of renal 
resistive index (RI) in the diagnosis of obstructive uropathy. We 
developed a new canine model for induction of partial ureteric 
obstruction (Chapter 2) and we used this model to study RI in 3 
experimental studies. In the first experimental study ( Chapter 3), we 
investigated the effect of intravenous normal saline fluid load, with and 
without frusemide, upon the renal RI of obstructed and non-obstructed 
kidneys. In the second experimental study (Chapter 4), we studied the 
changes in renal RI and renal tlmction with time during different grades 
of pm1iai unilateral ureteric obstruction, and we determined the 
correlation between the ultrasonographic and renographic findings. In 
the third experimental study (Chapter 5), we studied the changes in renal 
Rl before and after release of different grades of partial unilateral 
ureteric obstruction. 
After the encouraging results of the experimental work, we 
carried out 3 clinical studies in children. In the first clinical study 
(Chapter 6), we studied the effect on RioI' fasting, intravenous infusion 
of normal saline, and administration of frusemide in children with 
normal upper urinary tracts. In the second clinical study (Chapter 7), we 
investigated the effect of hyperhydration with normal saline and 
frLlsemide on renal RI in children with unequivocal obstructive uropathy 
(hallCtime drainage, T'I, > 20 min.). In the third clinical study (Chapter 
8), we studied the effect of hyperhydration with normal saline and 
frllsemide on the renal RI in children with equivocal obstructive 
uropathy (T'I2 10-20 min.). 

Chapter 2 
Partial ureteral obstruction: a new variable and reversible 
canine experimental model 
Ahmed A. Shokeir 
Urology & Nephrology Center, Mansoura University, 
Mansoura, Egypt. 
Urology (1995) 45: 953-957 
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Abstract 
Objeclives 
To develop a new experimental model of pmtial ureteral 
obstruction that is simple, reliable, variable, and reversible, 
Methods 
A 6 F ureteral catheter was inserted into the left ureteral orifice 
and was cut 2 cm distal to the orifice. The most distal part of the ureter 
was ligated around the catheter. The catheter lumen was partially 
obstructed by insertion of sty lets of three different diameters. The 
catheter and the stylet were fixed inside the bladder. The model was 
tested in 12 dogs, which were stratified into three groups according to 
the diameter of the obstructing stylet. All the dogs were subjected to 
intravenous urography (IVU) and technetium-99m-mercaptoacetyltri-
glycine ("JmTc_MAG,) renal scan at 2 and 4 weeks following induction 
or partial ureteral obstruction. 
Resulls' 
Three different grades of hydroureteronephrosis were obtained 
according to the diameter of the obstructing stylet. The IVU and 99mTc_ 
MAG, renal scan studies were repeated at 2 and 4 weeks following 
removal of the ureteral catheter and ureteroneocystostomy and showed 
marked improvement in the configuration and function of the 
corresponding renoLlreteral units. 
('OJ1clusiOI1S 
Our experimental model fulfills the requirements for a useti.1I 
model of partial ureteral obstruction, namely, simplicity, reliability, 
variability, and reversibility. 
Introduction 
Obstructive uropahty with resultant hydronephrosis is the 
eventual outcome of 1110st urologic diseases. However, the mechanisms 
by which renal failure occurs as a result of obstruction and 
recoverability of renal function after release of obstruction are not fully 
recognized. The development of an experimental model that closely 
mimics partial ureteral obstruction would allow investigation of the 
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pathophysiologic change in ureteral and renal function. It also allows 
evaluation and standardization of the clinical tests llsed to measure the 
degree of obstruction. Moreover, a reversible model would allow study 
of recoverability of kidney function after relief of obstructive uropathy. 
The useful model has to: (I) provide an accurate and persistent degree of 
partial ureteral obstruction, (2) enjoy a versatile degree of obstruction, 
and (3) result in reliable and reversible ureteral obstruction. Although 
several models for the production of experimental hydronephrosis have 
been reported (Boyarsky and Mm1inez, 1964; Deluca et ai., 1961; Ulm 
and Miller, 1962; Guze and O'shea, 1985; Algood et ai., 1983; Holmund 
and Hassler, 1965; Rayan and Fitzpatrick, 1987), as yet no model 
fiJlfiliing all of those criteria has been developed. 
The objective of this study is to develop a new canine 
experimental model of partial ureteral obstruction that is simple. 
reliable, variable, and reversible. 
Material and Methods 
Experimental animals 
Twelve male mongrel dogs weighing 15 to 20 kg. were used. 
The procedures were carried out under general anesthesia Llsing 
thiopental sodium (l0 mg/kg) with endotracheal intubation and 
mechanical ventilation. 
Preoperative assessment 
All dogs were subjected to ascending cystography, intravenous 
urography (lVU), and technetium - 99m-mercaptoacetyltriglycine 
('J"'Tc-MAG,) and renal scan before start of the experiments. Dogs that 
showed primary vesicoureterai reflux or abnormality in the con-
figuration or function of one of their kidneys were excluded from the 
study. 
Technique (fpartial ureteral obstruction 
The urinary bladder was exposed via a midline trans peritoneal 
incision. The bladder was opened and a 6 F ureteral catheter was 
insel1ed into the left ureteral orifice. The catheter was cut 2 cm distal to 
the left ureteral orifice. The most distal part of the ureter was ligated 
with 3-0 silk ligature around the previously inserted ureteral catheter, 
preventing passage of urine around the outer surface of the catheter. The 
ureteral catheter was partially obstructed by insel1ion of stylets of 
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different diameters inside its lumen. The ureteral catheter and the stylet 
were fixed to the bladder mucosa by 3-0 silk sutures (Fig. I). The 
ureteral catheter used was semirigid plastic tube (Porges, 24200, Sari at, 
France). Its external diameter was 1.8 mm and the internal diameter was 
0.96 mm. Plastic stylets of three different sizes were left inside the 
lumen: size I with 0.40 mm diameter (stylet of 4 F ureteral catheter), 
size II with 0.58 mm diameter (stylet of 5 F ureteral catheter), and size 
III with 0.78 111111 diameter (stylet of 6 F ureteral catheter). In all the 
dogs, the right renoureteral unit was left undisturbed, serving as a 
control. 
6 ch ureteral catheter 
Tie 
cS--.,t-- Stylet of 3 difterent sizes 
Figure [: A diagram representing the technique used to induce partial variable ureteral 
obstructioll. 
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Experimental groups 
The [2 dogs were stratified into three groups (4 dogs each) 
according to the size of the sty[ets. Stylet sizes J, II, and III were used 
for groups [, II and III, respectively. The areas of the free space between 
the walls of the catheter and the sty lets were 0.598, 0.460, and 0.246 
mm' for groups J, II and Ill, respectively (Table I). These free spaces 
will allow passage of different amounts of urine, creating different 
degrees of hydroureteronephrosis. 
Table I: Stylet size and area or the free space between the wall of the ureteral catheter 
and the stylet~ 
Group 
Group [ 
Group [I 
Group III 
Stylet diameter (mm) 
0.40 (size I) 
0.58 (size II) 
0.78 (size III) 
Postoperative assessment 
Area of free space (mm') 
0.598 
0.460 
0.246 
All 12 dogs were subjected to IVU and ""'Tc-MAG3 renal 
scans at 2 and 4 weeks following induction of partial ureteral 
obstruction. Alier 4 weeks, the dogs were reopened, the left ureter was 
severed at its most distal end, the ureteral catheter was removed, and 
Lich-Gregoir ureteroneocystostomy (Lich et aI., 196 [; Gregoir and Van 
Regemorter, J 964) was carried out. No stents or catheters were left. 
99m . IVU and Tc-MAG3 renal scan studIes were repeated at 2 and 4 
weeks following ureteroneocystostomy. In all dogs urine samples for 
culture were obtained from both ureters just before induction of paltial 
ureteral obstruction and before ureteroneocystostomy. Both procedures 
of induction and relief of ureteral obstruction were covered by antibiotic 
prophylaxis (amoxicillin 500 mg twice daily for 3 days). 
Results 
All animals survived the experiments, and there were no 
complications observed due to either the indwelling ureteral catheter or 
the ureteroneocystostomy. All urine samples obtained for culture were 
li'ee of infection. 
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fnlravcl1ou5,' urography sludies 
Preoperative IVU demonstrated the relatively small size of the 
canine renal pelvis (Fig. 2A). After induction of paltial ureteral 
obstruction, IVU demonstrated progressive hydroureteronephrosis that 
was increasing in severity as the degree of obstruction became marked 
(Fig. 2B, C, and D). Significant improvement in the configuration of the 
corresponding renoureteral unit was achieved in all dogs 4 weeks after 
ureteroneocystostomy (Fig. 3). 
Figure 2: Intravenolls urogram showing left renal pelvis and upper ureter of normal 
kiuney (A). grade 1 hydroureteronephrosis (B), grade 2 hydroufctcronephrosis ( C), and 
gr<1de:; hydroureteronephrosis (D). 
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Radioisotope studies 
A significant diminution in renographic clearance of the left 
kidney was observed in all groups 4 weeks following induction of 
partial ureteral obstruction (Student's t test, P<O.003, 0.0005, and 
0.00001 for groups l,lI, and Ill, respectively). Comparison of selective 
renographic clearance of corresponding renal units before and after 
ureteroneocystostomy revealed significant improvement ( Student's t 
test, p<0.028, 0.01,0.0046 for groups I, II and Ill, respectively) (Fig. 4). 
After relief of ureteral obstruction, the kidneys regained 84.2%, 66.7%, 
and 58.2% of their basal ti.mction in groups I, II, and Ill, respectively. 
The renogaphic clearance of the left kidney of individual animals before 
induction of ureteral obstruction, 4 weeks after the obstruction and 4 
weeks after the obstruction was removed are given in Fig.5. 
Figure 3: Intravenous urogram of one of the group III dogs. (A) len 
hydroureteronephrosis 4 weeks after induction of partial ureteral obstruction. (8) 
disappearance of left hydronephrosis 4 weeks aftcr ureteroneocystostomy. 
Comment 
The experimental model of partial ureteral obstruction should 
provide a measurable degree of obstruction, which should persist for the 
duration of the experiment. It should also allow variation in the degree 
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of obstruction. Unless the method of producing hydronephrosis is 
reversible, recoverability of kidney function after relief of obstructive 
uropathy cannot be investigated . 
• Preoperative clearance 
f2J Clearance 4 weeks after ureteral obstruction 
o Clearance 4 weeks after ureteroneocystostomy 
Group I Group II Group III 
Figure 4; l)9"'Tc_MAGJ clearance of the left kidney. 
Several experimental models have been designed to create 
pa!1ial ureteral obstruction. Of these are partial ligation of the ureter 
with sutures or with aluminum and cellophane bands (Deluca et aI., 
1961), embedding the ureter into the psoas muscle (Ulm and Miller, 
1962), beta irradiation of the ureter (Guze and Q'shea, 1958), and 
insertion of aliiilcial calculus via a vesicostomy (Algood et aI., 1986), or 
a ureterostomy (Holmund and Hassler, 1965). However, none of these 
models provides variable or reversible hydronephrosis. Recently, Ryan 
and Fitzpatrick (1987) introduced a new variable canine experimental 
model for paliial ureteral obstruction by inseliion of a 2-cm obstructing 
stent into the midureter, and the degree of obstruction was varied by 
altering the internal diameter of the stents. Although this technique is 
variable, the authors did not repOli on reversal of hydronephrosis. 
The advantage of our experimental model are numerous. The 
exact grade of ureteral obstruction can be achieved. Moreover, ureteral 
occlusion is reliably reversible. Unlike the Ryan and Fitzpatrick model 
(1987), our model does not need temporary proximal urinary diversion 
via a percutaneolls nephrostomy tube. The presence of ureteral catheter 
in a closed urinary tract avoids the problems of infection and pulling of 
the catheter by the dogs. The use of Uch-Gregoir ureteroneocystostomy 
for reversal of hydronephrosis is simple, reliable, and provides both 
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Fig. 5: Renographic clearance of the left kidney for different groups. (A) group 
I; (B) group II; (C) group III. 
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reflux prevention and absence of obstruction (Marberger et ai., 1978; 
Mja[mas et ai., 1992). 
In this study, a significant diminution in renographic clearance 
of the corresponding renal units was observed in all animals 4 weeks 
following induction of partial ureteral obstruction. The use of narrower 
catheters for longer duration is likely to result in more marked 
diminution of renographic clearance values. 
The principle of our model could be applied with the ureteral 
catheter brought out on the back of the dog in a subcutaneous tunnel at a 
point that the dog is unable to reach. Under such circumstances, the 
degree of hydronephrosis could be changed in the same dog and urine 
samples could be obtained from each kidney. 
The ureteral catheter and the sty lets could also be rep [aced by 
manufacturing a special ureteral stent with fixed external diameter and 
with different internal diameters allowing drainage of a variable amount 
of urine and creating different degrees of hydronephrosis. 
In summary, our experimental model fulfills the requirements 
for a useful model of partial ureteral obstruction, namely, simplicity, 
reliability, variability, and reversibility. 
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Abstract 
Ol?/ectives 
To investigate the effect of intravenous normal saline fluid load, 
with and without furosemide, upon the renal resistive index (RI) of 
obstructed and non-obstructed kidneys. 
Methods 
Right partial ureteral obstruction was induced in 10 dogs, Grade 
(mild) obstruction was performed in 5 dogs (group A), and grade 3 
(severe) obstruction was carried out to the remaining 5 dogs (group 8). 
Evaluatioo by Doppler ultrasonography was performed before induction 
of ureteral obstruction and by the end of the eighth week of obstruction. 
Every obstructed animal was subjected to bilateral renal Doppler 
ultrasonography 3 times in one setting: 1) before infusion of normal 
saline, 2) 30-60 minutes atter intravenous infusion of normal saline (l5 
ml.lkg.) given in a rate of I ml./kg.lmin, and 3) 10 minutes after 
admission offurosemide (I mg.lkg.). 
Results 
A fter induction of right partial ureteral obstruction, there was a 
significant increase of the RI of the right kidney and a significant 
decrease of the Rl of the left kidney compared to baseline Rl in both 
groups. Infusion of normal saline and administration of furosemide 
caused a fllliher significant increase of the RI of the obstructed kidney 
and a fllliher significant decrease of the Rl in non-obstructed kidney in 
both groups. 
COl1clu,l,'ions 
In unilateral pa!iialureteral obstruction, addition of intravenous 
normal saline and furosemide cause the RI to increase in obstructed 
kidney and to decrease in non-obstructed kidney. Such a divergent 
response may be useful for the development of a pharmacologically 
challenged Doppler examination to diagnose better potentially 
obstructed kidneys. 
introduction 
The diagnosis of urinary tract obstructioo is a difficult and 
perplexing problem, particularly in children. Pyelocaliectasis is seen oat 
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only in obstruction but also in other conditions, such as residual 
dilatation after relief of obstruction, vesicoureteral reflux and 
pyelonephritis. The standard excretory urography (I VU), even with 
diuretic augmentation, does not permit one to diagnose or exclude 
objectively the presence of urinary obstruction. The Whitaker test 
(Whitaker, 1973) is considered by some authors to be the gold standard 
for the diagnosis of obstructive pyelocaliectasis but it is invasive and, 
therefore, has not gained wide use. Moreover, the intrinsic urine output 
of the kidney contributes an unknown volume to the total amount of 
fluid being infused particularly in children and the potential for false 
positive studies should be considered whenever the urine output of the 
corresponding kidney is high. Diuretic renography is the most widely 
accepted non-invasive procedure (Kass et aI., 1985). However, it has the 
disadvantages of being expensive, using ionizing radiation and having a 
10 to 15% rate of false-positive and indeterminate results (Howman-
Giles et aI., 1987). 
Platt et al. (l989a) recently described the use of resistive index 
(Rl) obtained during Doppler ultrasonography to differentiate 
obstructive fi'om non-obstructive pyelocaliectasis. An R1 of 0.70 has 
been emerged as the dividing line between obstructive and non-
obstructive dilatation in adult population. However, the use of Rl for 
diagnosis of obstructive uropathy has several limitations. It has recently 
been shown that the RI is age dependent and frequently elevated above 
0.70 in young children (Gilbert et aI., 1993; Wong et aI., 1989; Dejter et 
aI., 1988; Keller, 1989). Moreover, certain types of renal medical dis-
eases, slIch as acute tubular necrosis, interstitial nephritis and hemolytic 
uremic syndrome may cause elevations of R1 (Platt et aI., 1991). 
Therefore, predicting obstruction based upon a threshold level of 0.70 
may be inaccurate particularly in children. 
We have recently established a standard and stable model of 
unilateral partial ureteral obstruction in dogs (Shokeir, 1995). In the 
present study, we have used this model to evaluate the effect of different 
grades of pm1ial obstruction upon the RI. The R1 was assessed before 
and after the addition of intravenous normal saline and furosemide to 
determine additional changes in the RI that may be useful in the 
development of a pharmacologically based Doppler utlrasonographic 
method of evaluation of pyelocaliectasis. 
Materials And Methods 
Ten male mongrel dogs weighing 18-25 kg. were used. The 
procedures were carried out under general anesthesia using thiopental 
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sodium (10 mg.lkg.) with endotracheal intubation and mechanical 
ventilation. Right partial ureteral obstruction was created as we pre-
viously described (Shokeir, 1995). A 6F ureteral catheter was inserted 
into the right ureteral orifice and was cut 2cm distal to the orifice and 
tixed into the bladder mucosa. The most distal part of the ureter was 
ligated around the catheter. This model enables variation of the degree 
of obstruction by insel1ion of sty lets of different diameters inside the 
lumen of the ureteric catheter. The dogs were stratified into 2 equal 
groups (5 dogs each) according to the degree of partial ureteral 
obstruction. Grade I obstruction was applied to group A while dogs of 
group B were subjected to grade 3 obstruction (Shokeir, 1995). Induction 
of pat1ial ureteral obstruction was covered by antibiotic prophylaxis 
(amoxicilin 500 mg. twice daily for 3 days). Evaluations by Doppler 
ultrasonography were carried out before induction of ureteral 
obstruction and by the end of the eighth week of obstruction after 
stabilization of the configuration and function of both renal units. B-
mode ultrasonography showed the different degrees of obstruction of the 
right kidney and absence of abnormalities of the left kidney. 
Every animal was subjected to Doppler ultrasonography 3 times 
in one setting: I) under control condition, before infusion of normal 
saline, 2) 30-60 minutes after intravenous infusion of normal saline (15 
ml.lkg.) given in a rate of 1 ml.lkg.lmin., and 3) 10 minutes after 
administration of furosemide (I mg.lkg.). A urethral catheter was 
inserted throughout the entire study to measure urine output and replace 
it by intravenolls saline. 
Technique o(Doppler ultrasonography 
Ultrasound examinations were performed on a Toshiba (SSA-
270A) unit (Toshiba Corporation Medical Systems Division, Tokyo, 
Japan) using transducer frequency of 3.75 MHz. Renal morphology was 
studied in longitudinal and transverse planes. At least 5 Doppler spectra 
were obtained from more than 3 regions in each kidney in every study. 
Renal pulsatility indexes (PI) were obtained using Toshiba software 
ti'om the formula: PI~ (peak systolic velocity-end diastolic velocity) I 
mean velocity. The renal resistive indexes (RI) were calculated as: RI ~ 
(peak systolic velocity-end diastolic velocity) I peak systolic velocity. 
Values of PI and RI used in statistical analyses were averages of those 
obtained at each time in each kidney. 
Statistical analyses. 
Statistical analyses were performed with an independent I test 
and simple linear regression analysis. 
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Results 
All animals survived the experiments and no complications 
were observed. Satisfactory Doppler examinations were obtained in all 
20 renal units. Representative waveforms at the different conditions of 
Doppler examinations are given in Figure I. Combining all 
examinations, there was excellent positive correlation between PI and RI 
(correlation coefficient ~0.97, p~O.OOOI). Because of this positive 
correlation between the PI and RI, we only discussed the changes of 
vascular resistance in terms of RI. 
rigure !; Representative Doppler wavelorms of right kidney of group A ill Jinerent 
conditions or examination :a) preoperative (mean Rl=0.44), b) after induction of right 
ureteral obstruction and infusion or saline (mean Rl := 0.55), c) after infusion of ::;aline 
(mean RI = 0.65), and d) atter injection offilroscmide (mean RJ = 0.69). 
RI olthe obstructed kidney 
For group A, the mean preoperative RI of the right kidney was 
0.44 ± 0.04. After induction of mild degree of partial ureteral 
obstruction, the RI increased to 0.59 ± 0.03 (p<O.OOO I). Fliliher increase 
to 0.65 ± 0.04 and 0.70 ± 0.03 were obtained for the RI of the right 
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kidney 30-60 minutes after intravenous infusion of normal saline and 10 
minutes after administration of furosemide, respectively. Significant 
increase could be observed if we compared the RI before and after saline 
infusion (p < 0.02). Moreover, comparison of RI after saline infusion 
with that after furosemide injection revealed a difference of statistical 
significance (p < 0.02) (Figure 2). 
Group A 
0.80 tDPRE-OPER. 
ill BEFORE SALINE 
e AFTER SALINE 
0.70 ~ AFTER SALINE + LASIX 
0,60 
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Figure 2: Mean and standard deviation values ofRI of both renal units in group A. 
For group B, the mean preoperative RI of the right kidney was 
0.46 ± 0.06. Induction of a severe degree of partial ureteral obstruction 
significantly increased the RI to 0.69 ± 0.02 (p< 0.0000 I). Intravenous 
infusion of normal saline caused a further increase to 0.73 ± 0.02 and 
injection of tiJrosemide further increased the RI to 0.79 ± 0.02. The 
difference between the mean values of RI before and after infusion of 
normal saline; and before and after administration of furosemide are 
statistically significant (p < 0.001 in each condition) (Figure 3). 
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Figure 3: Mean and sLandard deviation values of RI of both renaiunits in group B. 
Rlolthe non-obstructed kidney. 
The mean preoperative values of RI of the left kidney were OA4 
± 0.04 and OA7 ± 0.06 for groups A & B, respectively. After 8 weeks of 
obstruction of the right kidney, the mean RI of the left kidney 
significantly decreased to OAO ± 0.03 for group A, and OA I ± 0.04 for 
group B, (p< 0.05 for both groups). After infusion of normal saline, RI 
values decreased to 0.36 ± 0.03 & 0.37 ± 0.03 for groups A and B. 
respectively. After administration of furosemide a fUliher decrease ofRI 
was observed and values of 0.32 ± 0.02 & 0.32 ± 0.02 were repOlied for 
groups A and B, respectively. For both groups, the decrease of RI values 
after intravenous infusion of normal saline and after administration of 
furosemide is statistically significant (p< 0.05) (Figures 2, 3). 
Right/Lef! RI ratio 
The ratio of RI of the obstructed right kidney to its normal 
contralateral counterpmi was calculated in both study groups and given 
in Figure 4. The mean ratio at preoperative condition was 1.02 ± 0.04 
for group A and 0.98 ± O. I 5 for group B. After induction of right partial 
ureteral obstruction the ratio significantly increased to 1A4 ± 0.23 for 
group A and 1.69 ± 0.13 for group B. Infusion of normal saline also 
significantly increased the ratio to 1.80 ± 0.22 for group A and 2.00 ± 
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0.20 for group B. FUlihermore, administration of furosemide caused a 
fUliher significant increase of the ratio to 2. I 7 ± 0.09 and 2.44 ± O. 19 for 
groups A and B, respectively. However, there was no significant 
difference of RI ratio between the 2 study groups at the different 
conditions of Doppler studies. 
PREOP BEFORE 
SALINE ""''' SALINE 
AFTER 
SAUNE+ 
LASIX 
Figure 4: Right/left RI ratio in both study groups 
Discussion 
Mechanisms of renal failure in partial ureteral obstruction may 
be different from those in acute complete obstruction. Apart from 
accidental ligation or ureteric calculus, obstruction in humans is nearly 
always chronic and partial in nature. Because of this, we have 
endeavored to study renal vascular resistance in terms of Doppler 
waveforms in patiial ureteral obstruction. We have used a standard 
model of stable paltial ureteral obstruction which stimulates to a large 
extent, chronic and partial ureteral obstruction in humans (Shokeir, 
1995). However, the duration of obstruction used in this experiment 
may not be fitting for pediatric obstruction which is usually develop-
mental and stays for prolonged periods. 
In 1989, Platt and associates demonstrated that an RI of 0.70 is 
the dividing line between obstructive and non-obstructive pyelocali-
ectasis in adults. However, it has been shown that several factors may 
affect the RI values such as age of the patient (Gilbert et ai., 1993; 
Wong et ai., 1989; Dejter et ai., 1988; Keller, 1989), presence of celtain 
medical renal diseases, (Platt et ai., 1991), oral hydration (Palmer et aI., 
1991), and the combination of intravenous infusion of normal saline and 
furosemide (Bude et ai., 1994). Therefore, criteria predicting obstruction 
based upon a threshold level of 0.70 may be meaningless particularly in 
young children. In an effOlt to circumvent these shortcomings, Keller et 
ai. (1991) advocated using a ratio of the RI of the potentially obstructed 
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kidney to its normal contralateral counterpart. Additionally, Palmer et 
al. (1991) and Keller et al. (1992), recently investigated Doppler 
ultrasonography in children before and after intravenous furosemide, 
showing that furosemide causes the RI to increase above baseline in 
normal and non-obstructive pyelocaliectatic kidneys. Renowden and 
Cochlin (1992) likewise have shown in adults that furosemide does not 
affect the RI of normal kidneys and causes the index to increase above 
baseline in obstructed kidneys. In this series, we have shown that the 
combination of normal saline and furosemide can increase the index of 
obstructed kidneys and decrease the index of non-obstructed ones. Such 
a difference in response of non-obstructed kidneys could be attributed to 
the addition of normal saline in our series. 
The present studies demonstrate that the RI of the non-
obstructed normal kidney decreases after induction of obstruction of its 
contralateral counterpart. This could be explained by the reduction of 
renal vascular resistance associated with the compensatory hemo-
dynamic and structural adaptations of the non-obstructed kidney 
(Restaino et aI., 1990) or simply could be due to technical errors of the 
Doppler ultrasonography. Studies of larger number of renal units will 
help to solve this issue. Our observation that intravenous normal saline 
and furosemide can decrease the RI in non-obstructed kidneys is 
potentiated by the physiological fact that both normal saline and 
furosemide can decrease renal vascular resistance( Gerber and Nies, 
1980; Ludens et aI., 1968). Ludens and associates (1968) demonstrated a 
significant lowering of the renal vascular resistance in dogs after 
intravenous infusion of normal saline and furosemide. This decrease in 
renal vascular resistance was dose related. When the normal saline 
dosage was held constant, larger doses of furosemide decreased the 
vascular resistance. Similarly, with constant dose of furosemide, 
increased doses of saline decreased the vascular resistance. It is likely 
that a similar decrease in renal vascular resistance is reflected in the 
decrease of renal RI in our series. 
Bude and associates (1994) have addressed the idea of a test 
that would identify obstruction, not based upon a single basal RI value, 
but upon a change in RI through a standardized pharmacological test. 
For this test, they suggested the use of intravenous normal saline and 
furosemide. In their recent study, they have demonstrated that the 
combination of intravenous normal saline and furosemide can caLise 
significant decrease of RI in J3 non-obstructed renal units. However, 
they could not certainly know whether this decrease is due to saline only 
or due to saline and furosemide, Moreover, their series does not include 
obstructed kidneys. 
We have demonstrated that each of normal saline and 
furosemide has a significant role in changing the RI values in obstructed 
as well as in normal kidneys. Intravenous infusion of normal saline and 
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furosemide causes the RI to increase in obstructed and to decrease in 
non-obstructed kidneys. These changes are reflected as a significant 
increase of the RI ratio between the obstructed and the normal kidneys. 
From a clinical perspective, the use of RI ratio will greatly enhance the 
ability of Doppler ultrasonography to distinguish between obstructive 
and non-obstructive pyelocaliectasis. The RI ratio is better than using a 
single RI value particularly in young children and certain types of renal 
medical diseases in which the RI is already elevated. Moreover, the RI 
ratio eliminates the factors that may alfect the renal vascular resistance, 
rather than obstruction, such as renal colic and pyelonephritis (Urlich et 
aI., 1995). However, this method is inapplicable to solitary kidneys or to 
situations in which both kidneys are abnormal or potentially obstructed. 
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Abstract 
Objectives 
To study the changes in renal reslsllve index (RI) and renal 
function with time during different grades of partial unilateral ureteric 
obstructions, and to determine the correlation between the ultrasono-
graphic and renographic findings. 
Methods 
Ten dogs underwent right partial ureteric obstruction; grade I 
(mild) obstruction was applied in five dogs (group A) and grade 3 
(moderate and severe) obstruction in the other five (group B). All dogs 
were assessed using excretory urography, diuretic renography with the 
calculation of half-time drainage TII2 and bilateral renal Doppler ultra-
sonography before the experiment began, after one week of obstruction, 
and every 2 weeks during 8 weeks of obstruction. 
Results 
In both groups, after induction of right ureteric obstruction, 
there was a progressive decrease of effective renal plasma flow (ERPF) 
and progressive increase of the RI of the right kidney at the end of the 
first and second weeks of obstruction, with an almost stable value 
thereafter. The decrease of ERPF and the increase of Rl in the right 
kidney were correlated with the degree of obstruction. There was also a 
dramatic increase of TII2 of the right kidney that correlated with the 
degree of obstruction. Concomitantly, there was a significant compensa-
tory increase of ERPF and a significant decrease of the RI of the left 
kidney in both groups. The compensatory increase in ERPF limited the 
loss in total ERPF in both groups. The contribution of obstructed kidney 
to the total ERPF was significantly reduced in both groups. At the end 
of the eighth week, taking all kidneys together, there was a statistically 
significant negative correlation between the ERFP and RI, and between 
ERPF and T ,12 , and a positive correlation between T'/2 and RI. 
Conclusions 
Unilateral partial ureteric obstruction increased the RI and Till 
and decreased the ERPF of the corresponding kidney, together with a 
decrease of RI and an increase in ERPF of the contralateral kidney. The 
more severe the obstruction, the greater the increase in RI and TII2 and 
the decrease in ERPF. After the obstruction stabilized RI and T'/2 were 
positively correlated. 
54 RI IN GRADES AND DURA nONS OF OBSTRUCTION 
Introduction 
There have been numerous animal studies over the past 20 
years investigating the haemodynamic changes that occur with acute 
chronic ureteric obstruction (Ryan et aI., 1987; Vaughan et aI., 1970). 
Most of these studies have shown a definite rise in renal arterial vascular 
resistance when obstruction is present. However, earlier investigators 
llsed invasive and cumbersome methods to measure direct renal blood 
flow and to estimate renal vascular resistance. In 1989, Platt et al. 
hypothesized that renal resistance would produce a change in the wave 
characteristics of Doppler ultrasonography and showed that the renal 
resistive index (RI) was high in obstructed kidney. Since then, others 
have also suggested that high-grade renal obstruction is reflected in 
increased RI (Gilbe11 et aI., 1993; Keller et aI., 1989; Platt et aI., 1991). 
To our knowledge, the changes in Doppler waveforms assessed for 
different durations and degrees of pat1ial ureteric obstruction have not 
yet been fully investigated. Thus, we have examined the natural 
progression of Doppler waveforms recorded in various durations and for 
different grades of pat1ial ureteric obstruction. 
O'Reilly et al. (1978) and Koff et al. (1980) described 
characteristic patterns of the diuretic washout curve in normal, dilated 
unobstructed and obstructed upper urinary systems, with no attempt to 
quantify the rate in response to the diuretic. Unfo11unately, many dilated 
systems had an intermediate response to the diuretic, making inter-
pretation of the diuretic renogram alone subjective. In 1985, Kass et al. 
used half-time drainage (T ,12) as an objective tool in the diagnosis of 
obstruction. T'12 is defined as the interval necessary for half of the 
radioisotope in the renal collecting system to be eliminated after the ad-
ministration offrusemide. Kidneys with a T 1I2<1O min are unobstructed, 
those with T IIl>20 min obstructed and those with a Till of 10-20 min 
intermediate (Dejter et aI., 1988). 
Doppler ultrasonography has recently been rep0l1ed to differ-
entiate obstructive from non-obstructive pyelocalyectasis. An RI of 0.70 
is accepted by most investigators as the threshold between the 
obstructed and non-obstructed dilated upper urinary tract. Because the 
measurement of renal RI is non-invasive, it has considerable appeal in 
its potential application of patients with obstructive uropathy. We 
determined whether the renal RI could be used to assess the degree of 
obstruction by comparing changes in RI with changes in Till in a canine 
model of unilateral paliial ureteric obstruction. 
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Materials and methods 
The study comprised 10 male mongrel dogs ( body weight 18-
25 kg). Operative procedures were carried out with the animals 
anaesthetized using thiopental sodium (10 ml/kg) with endotracheal 
intubation and mechanical ventilation. The study was approved by the 
local ethical committee. 
All dogs underwent IVU, diuretic renography using 'J9"'Tc_ 
MAG, and bilateral renal Doppler ultrasonography. The latter procedure 
was used to study the renal anatomy (B-mode imaging) and to measure 
the velocity of renal blood flow (Doppler scan), thus providing not only 
an anatomical but a functional assessment. 
Partial ureteric obstruction was created as described previously 
(Shokeir, 1995). A 6 F ureteric catheter was inserted into the right 
ureteric orifice and was cut 2 cm distal to the orifice and fixed into the 
bladder mucosa. The 1110st distal part of the ureter was ligated around 
the catheter. This model allows the degree of obstruction to be varied by 
inserting sty lets of different diameters inside the lumen of the ureteric 
catheter. The dogs were stratified into two groups of five dogs each 
according to the degree of partial ureteric obstruction. Grade I 
obstruction was applied to group A and grade 3 to those in group B 
(Shokeir, 1995). The induction of partial ureteric obstruction was 
covered by antibiotic prophylaxis (amoxicilin 500 mg twice daily for 3 
days). 
After surgery, all 10 dogs underwent were assessed by IVU, 
'J9"'Tc-MAG, diuretic renography and bilateral renal Doppler 
ultrasonography by the end of the first week and every 2 weeks for 8 
weeks thereafter. 
Doppler ultrasonography 
The dogs were given intravenous normal saline (15 mLlkg) 
before Doppler studies and a urethral catheter was inselied. The infusion 
of normal saline was continued during the entire Doppler studies to 
replace the urine output. UltrasonographY was performed using a 
Toshiba SSA-270A unit (Toshiba Corp, Japan) at a transducer 
frequency of 3.75 MHz, and the renal morphology was studied in 
longitudinal and transverse planes. At least five Doppler spectra were 
obtained from more than three regions in each kidney in every study. 
Renal pulsatility index (PI) was obtained using the Toshiba software 
from the formula: PI = (Peak systolic velocity-end diastolic velocity) / 
mean velocity. The renal resistive index (RI) was calculated as: RI = 
(peak systolic velocity-end diastolic velocity) / peak systolic velocity. 
Values of PI and RI used in statistical analyses were means of those 
obtained at each time in each kidney_ 
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Diuretic renography 
Diuretic renography was performed according to a standard 
protocol for all dogs. A urethral catheter was placed, an intravenous line 
was established and normal saline was given (15 mL/kg). The dog was 
placed supine on the scanning table, 2.1 MBq/kg ""'Tc-MAG, was 
injected intravenously and a standard renal scan was taken. After 20 
min, 1 mg/kg frusemide was injected intravenously and sequential 
images acquired a computerized gamma camera system for 30 min and 
the computed data processed to generate a time-activity curve and to 
calculate the effective renal plasma flow (ERPF) and the half-time 
drainage (Till) as described previously (Shokeir et aI., 1994). Statistical 
analyses were performed using an independent or paired t-test and linear 
regression analysis. 
Results 
All animals survived the surgery and there were no 
complications. After the induction of pmtial ureteric obstruction, IVU 
and B-mode ultrasonography showed progressive hydro-uretero-
nephrosis that was increased in severity with the increasing grade and 
duration of obstruction (Shokeir, 1995). For group A, the renal morpho-
logy stabilized by the end of the second week in three dogs and by the 
end of the fOlllth week in the remaining two; the hydronephrosis was 
assessed as mild. In group B the hydronephrosis occurred more quickly 
and more severe, the renal morphology stabilizing by the end of tOLllth 
week in three dogs and by the end of the sixth week in two: the 
hydronephrosis was assessed as moderate and severe. 
Doppler ultrasonography onhe ri?,ht kidney 
Satisfactory Doppler examinations were obtained in all 20 renal 
units. There was a close positive correlation between PI and RI at all 
times of examinations (r ~ 0.87, P < 0.001); because PI and RI were 
positively correlated, the changes in vascular resistance are discllssed in 
terms of RI. 
For group A, the mean (SD) initial RI of the right kidney was 
0.44(0.04). By the end of the first week, the mean (SO) RI was 
unchanged at 0.44 (0.07) (P > 0.05). By the end of the second week, the 
RI significantly increased to 0.065 (0.03), remaining stable thereafter 
(Fig. I). Representative Doppler waveforms of the right kidney of one 
of the dogs of group A at different durations of obstruction are given in 
Figure 2. For group B, the mean initial Rl of the right kidney was 
0.46(0.06) and the RI increased significantly to 0.68(0.03) at the end of 
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the first week and 0.72 (0.0 I) at the end of the second week; thereafter, 
RI remained stable (Figure I). Representative Doppler waveforms of the 
right kidney of one of dogs in group B at different durations of 
obstruction are given in Figure 3. The mean values of RI of group B 
were significantly higher than those of group A at all times of 
obstruction (Figure I). 
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Fig. 1 The initial Rl of both kidneys and at different times during right ureteric 
obstruction in both groups. 
Doppler ultrasonography olthe leji kidney 
Initially, the mean (SO) RI values of the leti kidney were 
0.44(0.04) and 0.47(0.06) for groups A and B, respectively. By the end 
of the eighth wcek, the RI was significantly decreased to 0.40(0.03) and 
0.41 (0.04) for groups A and £3, respectively (Figure I). There were no 
signilieant difference between the mean RI of groups A and £3 at any 
time. 
Changes in ERPF of the righl and lefi kidneys 
Figure 4 shows the changes in ERPF of the obstructed (right) 
and contralateral (left) kidneys after partial ureteric obstruction. For 
group A, the initial mean (SO) ERPF of the right kidney was 286(40) 
mL/min. After the induction of right patiial ureteric obstruction the 
mean ERPF of the obstructed kidney decreased significantly to 230 (37) 
and 174( 17) mL/min. by the end of the first and second weeks, 
respectively, remaining stable thereafter. For group B, the initial mean 
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(SO) ERPF of the right kidney was 287(36) mL/min; there was a 
significant progressive reduction of ERPF, with mean values of 144(37) 
and 111(17) mL/min by the end of the first and second weeks of 
obstruction. A fter the fOUl1h week of obstruction, the ERPF was 89(28) 
mL/min and there was no further decrease in ERPF. At all times during 
obstruction, the mean values of ERPF of the right kidney of groups B 
were significantly lower than those of group A. 
Initially, the mean (SO) ERPF of the left kidney was 271(64) 
and 258(67) mL/min for groups A and B, respectively. After the 
induction of right partial ureteric obstruction, there was a progressive 
compensatory increase in ERPF of the left kidney. By the end of the 
eighth week, the mean (SO) ERPF of the left kidney was 315(58) and 
327(28) mL/min, for groups A and B, respectively, with the increase in 
both groups being statistically significant compared to basal levels. In 
both groups, the compensatory increase in ERPF was most marked 
during the first 4 weeks and remained almost stable thereafter. The 
degree of the compensatory increase of ERPF ofthe left kidney was not 
significantly ditTerent in the dogs of both groups. 
Due to the compensatory increase in ERPF of the contralateral 
kidney, the loss in total ERPF during unilateral partial obstruction was 
limited. Total ERPF in groups A and B stabilized at about 85% and 75% 
of the basal level, respectively, and the difference was not significantly 
different. 
Changes in the contribution ~lthe obstructed kidney to total ERPF 
Because the changes in ERPF of the obstructed and the 
contralateral kidneys were opposite, the contribution of the obstructed 
kidney to total ERPF decreased with time. In group A, the contribution 
of the obstructed kidney decreased from 52 to 35% of total; the decrease 
in group B was significantly more severe, from 53 to 19% of the total. 
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Fig. 2: Doppler ultrasonography of a right kidney of one of the dogs in group A, a. at tile 
end of the second week ofobstmction (minimal hydronephrosis, mean RI= 0.60), and b. 
by the end nflhc eighth week of obstruction (mild hydronephrosis, mean Rl = 0.64) 
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Figure 3: Doppler ultrasonography of a right kidney of one of the dogs in group B, a. by 
the end of the second week of obstruction ( moderate hydronephrosis, RI=O.67), and b, by 
the end of the eighth week of obstruction (marked hydronephrosis, mean RJ=O.7!). 
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contralateral (left) kidneys or both groups at all times during right ureteric obstruction. 
Chanf{es in TI/2 
Initially. the mean (SD) T1I2 of the right kidney was 4.6(2.3) 
and 4.9(2.4) min for groups A and B. respectively. After the induction 
of right partial ureteric obstruction. there was a dramatic increase of Till 
in both groups. with mean values of 14.4(1.8) and 31 min by the end of 
the first week for groups A and B, respectively. The TII2 values of the 
right kidney of group B were significantly higher than those of group A 
at all points of obstruction. In contrast, there was no significant change 
ofTII2 of the left kidney in both groups after the induction of obstruction 
of the right kidney. The mean values of Till of both renal units in the 
two groups are given in Figure 5. 
Correlations belYveen variables 
Before obstruction, there were no significant correlations 
between ERPF and RI, ERPF and T1/2 and between T1/2 and RI. During 
obstruction. a significant negative correlation developed between ERPF 
and RI. At the end of the eighth week, taking the kidneys of all 10 dogs 
togetheJ', there was a significant negative correlation between ERPF and 
RI ( l' = -0.942, p< 0.001), and between ERPF and TI12 (1'= -0.924. P < 
0.005). Furthermore, there was a significant positive correlation between 
TI12 and RI (1' = 0.948, P < 0.001). 
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Discussion 
Mechanisms of renal failure in partial ureteric obstruction may 
be different from those in acute complete obstruction. Apali trom 
accidental ligation or ureteric calculus, obstruction in humans is nearly 
always chronic and partial. ThLls, we examined renal vascular resistance 
using Doppler ultrasonography in partial ureteric obstruction using a 
standard model of stable partial ureteric obstruction which largely 
simulates chronic and partial ureteric obstruction in humans (Shokeir, 
1995). 
The mean (SO) values of PI and RI in dogs, at 0.64 (0.08) and 
0.45 (0.05), respectively, are much lower than those in humans, at 0.99 
(0.21) and 0.57 (0.06), respectively (Chen et aI., 1993). In human 
obstructed kidneys, the threshold values of PI and RI are 1.50 and 0.70 
(Chen et aI., 1993), respectively, while in canine obstructed kidneys, the 
present threshold values were 0.90 and 0.60, respectively. 
Most investigators agreed that marked partial ureteric 
obstruction eallses an increase of intra-renal vascular resistance that is 
reflected in an elevated PI and Rl. The increase of vascular resistance ill 
mild pm1ial ureteric obstruction is still a matter of controversy. While 
this concept has been supported by some (Ryan et aI., 1987; Restaino et 
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aI., 1990), it has been questioned by others (Chevalier et aI., 1986). 
Different results could be explained by different detinition of mild 
obstruction; the present study helps to resolve this issue, for there was a 
significant increase of RI at 2 weeks after the induction of mild pat1ial 
ureteric obstruction in a standard and stable experimental model. 
Chen et al. (1993), reported that in partial unilateral obstruction, 
the RI of the contralateral kidney is unchanged. Naturally, in human 
studies the RI of the contralateral kidney could not be known before 
occurrence of obstruction of the other kidney. After obstruction of one 
kidney, the RI of the contralateral kidney is always compared to that ofa 
normal control group. The change in RI of the contralateral kidney may 
be so small that it could not be detected except in a large series of 
patients. The experimental models are more sensitive, as the same 
kidney serves as a control. 
That the RI ofthe contralateral normal kidney is decreased after 
obstruction of the other kidney may be explained by a decrease in renal 
vascular resistance of the contralateral kidney due to compensatory 
hypertrophy (Ichikawa et aI., 1979). Whether compensatory hypel1rophy 
produces a change in Doppler waveforms could be examined in humans 
by studying of a group of live-kidney donors before and atter 
nephrectomy. 
It has been cstimated that an RI of 0.70 is the threshold 
distinguishing an obstructive and non-obstructive dilated upper urinary 
tracts. 'file accuracy of this discriminatory vallie of RI can be improved 
by evaluating the contralateral kidney, especially in acute obstruction in 
which the RI may not yet have exceeded 0.70. Platt et al. (1991) 
suggested that a difference of;> 0.10 between the obstructed and the 
contralateral kidney potentiated the diagnosis of obstruction. In the 
present study, unilateral obstruction increased the RI of the 
corresponding kidney and decreased RI in the contralateral kidney. This 
divergent response may be more valuable in the diagnosis of obstruction 
than a single discriminatory value. 
At present, the diuretic renogram is lIsed at most centers as the 
gold standard for the diagnosis of obstruction. An added benetit to 
radioisotope renography is the ability to measure differential GFR, thus 
obtaining the percentage of the total GFR contributed by each kidney. 
The calculation of halt~time draining is mare objective in the diagnosis 
of obstruction; the present results show that RI correlated closely with 
Tli2 in severe and mild partial ureteric obstruction; thus RI is a useful 
modality in the evaluation of hydronephrosis. even in its early and mild 
phases. These results agree with those of Gilbel1 et al. (1993) where 
values from renal Doppler ultrasonography were compared lIsing 
drainage values obtained with renal scintigraphic paediatric kidneys and 
were correlated closely. In contrast, Chen et al. (1993) stated that not all 
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renal obstructions have significantly elevated values of RI; in cases of 
mild obstruction there may be low and normal Rl values. 
The renal Doppler examination provides physiological 
information and is insufficient if precise anatomical information is 
required (Gilbelt et aI., 1993). Therefore, it cannot be used as a single 
modality to evaluate a patient with hydronephrosis. Thus, the value of 
Llsing RI is in providing corroboration of the initial diuretic renogram, 
and as a noninvasive modality for monitoring the dilated collecting 
system under observation. Hence, a hydronephrotic kidney with a non-
obstructive TI/2 on diuretic renography can be followed closely with 
renal Doppler ultrasonography, obviating the need for frequent isotopic 
renal scintigraphy. Additionally, this method provides a non-invasive 
modality for monitoring patients after re-constructive surgery of the 
upper urinary tract. 
In the present study, changes in ERPF of the obstructed kidneys 
occurred within the first 2 weeks of obstruction and remained almost 
stable thereafter. This finding is in agreement with similar studies of 
partial ureteral obstruction with a normal contralateral kidney (Stecker 
and Gillenwater, 1971; Claesson et aI., 1983). Stecker and Gillenwater 
(1971) found that the maximal depression in function occurred during 
the first week of paltial unilateral obstruction and remained almost 
stable by the 16'" week. Similarly, Claesson et al. (1983) induced partial 
obstruction of the left ureter in rats and significant changes in 
configuration and function of the obstructed kidney developed early 
(during the first 2 weeks) and did not progress significantly after that. 
In the present study, the compensatory increase of ERPF of the 
len kidney occurred during the first 4 weeks and remained stable 
thereafter. In similar experiments in rats, compensatory renal growth 
continued rapidly for 2-3 weeks, began to stabilize after 4-6 weeks and 
did not apparently change beyond that time (Mitchell et aI., 1974). 
We have shown that the rate and magnitude of the compensa-
tory response to mild obstruction (group A) was approximately the same 
as the response to severe obstruction (group B). This confirms the 
speculation that the progression of compensatory renal growth is an all 
or nothing phenomenon. If the threshold amount of kidney tissue is 
damaged or removed, then compensatory renal growth begins and 
progresses until compensatory growth is completed (Mitchell et aI., 
1974). 
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Abstract 
Objectives 
To study the changes in renal resistive index (RI) and renal 
function before and alier release of different grades of paliial unilateral 
ureteral obstructions. 
Methods 
Ten dogs were sUbjected to right partial ureteral obstruction. 
Grade I (mild) obstruction was applied to 5 dogs (group A) and grade 3 
(moderate and severe) obstruction was applied to the other 5 dogs 
(group B). Obstruction was maintained for 8 weeks followed by release 
of obstruction. All dogs were sUbjected to excretory urography, 
techetium-99m mercaptoacetyltriglycine diuretic renography with 
calculation of half-time drainage (T,12) and bilateral renal Doppler 
ultrasonography before the start of the experiment, after 8 weeks of 
obstruction, and every 2 weeks during the 8 weeks alier release of 
obstruction. 
Results 
In both groups, alier induction of right ureteral obstruction, 
there was a dramatic decrease of effective renal plasma flow (ERPF), 
increase of RI and increase of T'12 of the right kidney. Relief of 
obstruction was associated with normalization of Tin, reversal of RI, 
and recovery of ERPF to near basal values. No correlation was found 
between ERPF at the end of the recovery period and the functional 
parameters (T 112, RI , or ERPF) of the obstructed kidney before release 
of obstruction. 
Conclusions 
(I) Unilateral partial ureteral obstruction produces an elevation 
of RI and T'12 and a fall in ERPF of the corresponding kidney. (2) Alier 
relief of obstruction, renal function is regained with associated reversal 
of RL (3) Functional parameters (T,12 , RI, or ERPF) of the obstructed 
kidney do not predict the recovery of ERPF after release of obstruction. 
(4) Rapid reversal of a previously elevated RI is an early indicator of 
recoverability of renal fUllction alier relief of ureteral obstruction. 
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Introduction 
It is established that the physiologic hallmark of significant 
obstructive uropathy is a decrease in renal blood flow or an increase in 
renovascular resistance. Thus, a noninvasive test to identify an increase 
in renovascular resistance is of obvious clinical use in the differentiation 
of patients with anatomical hydronephrosis without physiologic 
significance from patients with true obstructive uropathy. In 1989, Platt 
et ai. described the use of Doppler ultrasonography as a noninvasive test 
to differentiate obstructive from nonobstructive pyelocaliectasis. They 
demonstrated a high renal resistive index (RI) in obstructed kidneys. 
Since then, others have also suggested that high-grade renal obstruction 
is reflected in elevated RI (Gilbeli et ai., 1993; Keller et ai., 1989; Platt 
etai.,1991). 
Using our own canine model of stable partial ureteral 
obstruction (Shokeir, 1995), we have recently demonstrated that RI is 
correlated to the degree of obstruction; the more severe the obstruction, 
the more the RI is elevated (Shokeir et ai., I 996a). Moreover, in other 
experimental (Shokeir et ai., 1997a) as well as clinical studies (Shokeir 
et ai., 1996b; Shokeir et ai., 1996c) we have shown that the addition of 
intravenous normal saline and furosemide causes the RI to increase in 
the obstructed kidney and to decrease in nonobstructed kidney. 
The present miicic is a continuation of ollr previolls 
experimental work on the role of renal RI in unilateral pariial ureteral 
obstruction. The aim of this work is to investigate the changes in RI, 
half-time drainage (TI/2) and effective renal plasma flow (ERPF) before 
and after release of different grades of pariial ureteral obstruction and to 
determine whether these changes could be L1seful in predicting 
recoverability of renal function before corrective surgery. 
Materials and methods 
Exper;mcntal Am'mals 
Ten male mongrel dogs weighing 18 to 25 Kg were used. The 
procedures were carried Ollt LInder general anesthesia Llsing thiopental 
sodium (10 mg/kg) with endotracheal intubation and mechanical 
ventilation. 
Preoperative Assessment 
All dogs were subjected to intravenous urography (IVU), 
Technetium-99m mercaptoacetyltriglycine (""'Tc-MAG,) diuretic reno-
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graphy and bilateral renal Doppler ultrasonography. The latter procedure 
was used to study the renal anatomy (B-mode imaging) and to measure 
the velocity of renal blood flow (Doppler scan), thus providing not only 
an anatomical assessment but a functional assessment as well. 
Operative Procedures and Experimental Groups 
Patiial ureteral obstruction was created as we previously 
described (Shokeir, 1995). A 6F ureteral catheter was inserted into the 
right ureteral orifice and was cut 2 cm distal to the oritice and fixed into 
the bladder mucosa. The most distal part of the ureter was ligated 
around the catheter. This model enables variation of the degree of 
obstruction by inseliion of stylets of different diameters inside the 
[uillen of the ureteric catheter. The dogs were stratified into 2 equal 
groups (5 dogs each) according to the degree of partial ureteral 
obstruction. Grade I obstruction was applied to group A, whereas dogs 
of group B were subjected to grade 3 obstruction. Induction of partial 
ureteral obstruction was covered by antibiotic prophylaxis (amoxici[in 
500 mg twice daily for 3 days). 
The ureteral catheter used was semirigid plastic tube (Porges, 
24200, Sarlat, France). Its external diameter was 1.8 mm and the 
internal diameter was 0.96 mm. Plastic stylets of two different sizes 
were [eft inside the lumen: for group A, a stylet with 0.40 mm diameter 
(sty[et of 4F ureteral catheter) and for group B, a stylet with 0.78 mm 
diameter (sty[et of6F ureteral catheter). 
By the end of eighth week of obstruction, the dog was 
reopened, the catheter was removed and ureterovesical reimplantation 
was carried out lIsing our own technique of extravesical seromuscular 
tunnel (E[-Hammady and Shokeir, 1994; Shokeir and EI-Hammady, 
[ 996). 
Postoperative Assess'ment 
All [0 dogs were subjected to IVU, ""'Te-MAG 3 diuretic 
renography, and bilateral renal Doppler ultrasonography by the end of 
the eighth week of obstruction, I week after release of obstruction, and 
then every 2 weeks for 8 weeks after release of obstruction. Ascending 
cystography was carried out by the end of the first week after release of 
obstruction. 
Technique o(Doppler Ultrasonography 
The dogs were given intravenous normal saline (ImLlkg/min 
for 15 minutes) before Doppler studies and a urethral catheter was 
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insel1ed. Infusion of normal saline to replace urine output was continued 
during the entire course of Doppler studies. Ultrasound examinations 
were performed on a Toshiba (SSA-270A) unit (Toshiba Corporation 
Medical Systems Division, Tokyo, Japan) using transducer li'equency of 
3.75 MHz. Renal morphology was studied in longitudinal and transverse 
planes. At least live Doppler spectra were obtained from more than three 
regions in each kidney in every study. Renal pulsatility indexes (PI) 
were obtained using Toshiba software from the formula: PI = (peak 
systolic velocity-end diastolic velocity) I mean velocity. The renal Rls 
were calculated as follows: RI = (peak systolic velocity-end diastolic 
velocity) I peak systolic velocity. Values of PI and RI used in statistical 
analyses were averages of those obtained at each time in each kidney. 
Technique o.(diuretic renography 
Diuretic renography was performed according to a standard 
protocol for all dogs. In each dog a urethral catheter was placed, an 
intravenous line was established and a normal saline was given 
(I mLlkg/min for 15 minutes). The dog was placed on the scanning table 
in the supine position and l)l)IllTc_MAGJ was injected intravenously in a 
dose of 2.1 MBq/kg, and a standard renal scan was performed. After 20 
minutes, 1 mg/kg furosemide was injected intravenously. Sequential 
images were acquired into a gamma camera computer system for 30 
minutes and the computed data then were processed for generation of a 
time-activity curve and calculation of ERPF and the T 1I2 . Our technique 
of diuretic renography was previously described (Shokeir et ai., 1994). 
Stati,I;t;cal analysis 
Statistical analyses were performed with an independent or 
paired {-test. Linear regression analysis was lIsed to correlate the ERPF 
at the end of the recovery period with parameters of renal function 
obtained belore release of obstruction. 
Results 
All animals survived the experiments and no complications 
were observed after induction of ureteral obstruction or after its release. 
IVU, gray-scale ultrasonography and ascending cystography 
After induction of partial ureteral obstruction, IVU and B-mode 
ultrasonography demonstrated progressive hydroureteronephrosis that 
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increased in severity with the increase of both the grade and duration of 
obstruction (Shokeir, 1995). For group A, the hydronephrosis was 
assessed as mild. In group B, the hydronephrosis was assessed as 
moderate and severe. After release of right ureteric obstruction, all the 
corresponding renal units regained a perfect configuration as shown by 
IVU (Fig. I A. B). Moreover, none of the 10 dogs showed veSlCO-
ureteral rellux by ascending cystography (Fig. I-C). 
Doppler ultrasonography studies olthe right kidney 
Satisfactory Doppler examinations were obtained in all 20 renal 
units. There was excellent positive correlation between PI and RI at all 
time points of examination (correlation coefficient = 0.87 , p= 0.0001 ). 
Because the PI and RI were positively correlated, we only discussed the 
changes of vascular resistance in terms of Rl . 
For group A, the mean RI of the right kidney at basal condition 
was 0.44 ± 0.04. By the end of the eighth week of obstruction, the mean 
RI was 0.60 ± 0.05, indicating a significant increase (p<O.OOO I). One 
week alter release of obstruction, the RI almost returned to its basal 
condition, with a mean value of 0.46±0.04 and remained stable 
thereafter (Fig. 2). Representative Doppler waveforms of the right 
kidney of one of group A dogs is given in Figure 3. 
For group B, induction of right ureteric obstruction significantly 
increased the RI from 0.46±0.06 at basal condition to 0.71±0.OI by the 
end of the eighth week of obstruction (p < 0.00001). One week after 
relief of obstruction. the RI returned to its basal level with a mean value 
of 0.4 7±0.02. The RI remained stable throughout the entire period of 
obstruction relcase (Figure 2). During the stage of obstruction, the mean 
RI values of group B were significantly higher than those of group A. 
Changes in ERPF of the righl kidney 
For group A, the mean ERPF of the right kidney at basal 
condition was 286±40 mL/min. By the end of eighth week of 
obstruction, the ERPF significantly decreased to 164± 16 mL/min. After 
release of obstruction, there was a progressive improvement of the 
ERPF starting by 192±21 mL/min by the first week and attaining 
248±28 mL/min by the end of the eighth week ( Fig. 4 ). 
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Fig. I: Radiologic profile of one or the group B dogs: (A) IVU 8 wecks after right partial 
ureteral obstruction; (8) IVU 8 weeks aner release of obstruction: and ( C) {lscending 
cystogram 1 week after release of obstruction and ureterovesical re-implantation. 
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rig. 2: Resistive index (Rl) of both kidneys for the two study groups at basal 
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II ) .. 
For group B. induction of right ureteric obstruction significantly 
decreased the ERPF from the basal level of 287 ± 36 mL/min to 80 ± 42 
mL/min at the eighth week of obstruction. After relief of obstruction. 
the right kidney started to regain its function and the ERPF increased 
hom 113 ± 18 mL/min at the first week to 216 ± 23 mL/min at the 
eighth week after release of obstruction (Fig. 4). 
Changes in TI/1 alRight Kidney 
At basal condition. the Til, mean values of the right kidney 
were 4.6 ± 2.3 and 4.9 ± 2.4 minutes for groups A and B, respectively. 
A fter induction of right partial ureteral obstruction, there was a dramatic 
increase of Till in both groups, with mean values of 1] ± 1.8 and 20 ± 
1.9 minutes by the end of the eighth week for groups A and B, 
respectively. The TII2 values of the right kidney of group B were 
significantly higher than those of group A at all time points of 
obstruction. After relief of obstruction, the TII2 values returned back to 
their basal levels in both groups (Fig. 5). 
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Fig. 3: Representative Doppler waveforms of a right kidney of one of the group A 
dogs: (A) 8 weeks after obstruction (mean resistive index tRll = O.64), and (8) 8 
weeks after release of obstnlction (mean RI = 0.44). 
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Fig. 5: Mean values of half-time drainage (T I/2) of both renal units at different times of 
the study. (Closed circle: right kidney, group A; open circle: left kidney, group A; 
closed diamond, right kidney, group B; open diamond, left kidney, group S.) 
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Doppler ultrasonography studies of the leti kidney 
At basal condition, the mean RI values of the left kidney were 
0.44 ± 0,04 and OA7 ± 0.06 for groups A and B, respectively. By the 
end of the eighth week of right ureteric obstruction, the RI of the left 
kidney decreased signiticantly to OAO ± 0.03 and OAI± 0.04 for groups 
A and B, respectively and remained stable after relief of obstruction 
(Fig.2). No significant differences were present between the mean levels 
of RioI' groups A and B at any time. 
Changes in ERPF althe leti kidney 
For group A, the mean ERPF of the left kidney at basal 
condition was 271 ± 64 mUmin. By the end of the eighth week of 
obstruction of the right kidney the mean ERPF of the leti kidney 
significantly increased to 315 ± 58 mUmin. After relief of obstruction, 
the ERPF of the left kidney remained stable witll mean values of 314 ± 
60 and 319 ± 63 mUmin at the end of the first and eighth week of 
cieobstruction, respectively (Fig. 4). 
For group 8, obstruction of the right kidney significantly 
increased the ERPF of the left kidney from a basal mean value of 258 ± 
67 mUmin to 327 ± 28 mUmin at the end of the eighth week of 
obstruction. There was no significant change of the ERPF of the left 
kidney after relief of obstruction of the right kidney. At the end of the 
eighth week after release of obstruction, the ERPF of the left kidney was 
330 ± 53 mUmin (Fig. 4). 
Changes in TII2 alLeti Kidney 
The TII2 of the left kidney remained stable during all phases of 
the experiments in both groups (Fig. 5). 
Changes in total ERPF 
The mean total ERPF values at basal condition were 557 ± 68 
anci 546 ± 92 mUmin for groups A and B, respectively. By the end of 
the eighth week of obstruction, there was significant reduction of the 
mean total ERPF values with the decrease being signii!can!ly more 
marked in group B ( 479 ± 53 versus 407 ± 56 mUm in, p<0.05). Alier 
rei ief of obstruction, dogs of both groups regained their original 
function. However, regain of function was faster in group A ( 4 weeks 
in group A versus 8 weeks in group B) (Fig. 6). 
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CarrelaNons between the various parameters 
To find a potentially useful predictor of functional recovery 
after release of obstruction, we calculated the correlation coefficients 
between the ERPF of the previously obstructed kidney at 8 weeks after 
release of obstruction and various parameters that were obtained at the 
end ofthe obstruction period. Unfortunately, none of the measured para-
meters of the obstructed kidney (RI, ERPF, and TI/2) nor parameters 
derived from it (the relative contribution to total ERPF or the ob-
structed/nonobstructed RI ratio) correlated (p>0.05) with the ERPF 
value obtained following recovery after release of obstruction. This 
indicates that the magnitUde of these parameters at the time of release of 
obstruction do not predict the functional recovery of the partially 
obstructed kidney. A more positive view is that with an ERPF as low as 
12 % of the basal value a good recovery is still possible. Actually, when 
entering basal ERPF of the obstructed kidney into the analysis, a 
positive correlation was found between the basal ERPF and the ERPF 
after recovery (r~O.73, p~O.016). Multiple regression analysis showed 
that: ERPF recovery ~ 0.81 x ERPF basal + 0.35 x ERPF obstruction -
43 (mL/min). This indicated that the ERPF after release of obstruction 
depends more on basal ERPF than on the ERPF at the end of the 
obstruction period (r~0.88, p~0.05). 
700 
C 600 
E 500 .... 
:§ 
400 -e- Group A 
LL 
a. 
II: 300 W 
·-0·- Group B 
0; 200 
-0 
f-
100 
o P,. De-obs 2 4 6 8 
Time (weeks) 
Fig. 6: Chnllgcs in total elleclive renal plasma flow (ERPF) or both kidneys at the 
different times or tile study. (Closed circle, group A; open circle, group 8.) 
Discussion 
Obstructive uropathy with resultant hydronephrosis is the 
eventual outcome of most urologic diseases. It is well known that 
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ureteral obstruction eventually destroys renal function. Thc postulated 
mechanisms are elevated ureteral pressure and decreased renal blood 
flow, which cause cellular atrophy and necrosis. The longer or more 
severe the obstruction, the more renal damage will result. 
The accurate prediction of recoverability of kidney function 
after obstructive uropathy is of great potential clinical value to the 
urologist and nephrologist. If restoration of kidney function appears 
probable, surgical relief of obstruction may be indicated even though 
there has been considerable renal damage. In patients whose kidney 
function is irreversibly damaged by the underlying obstructive process, 
it may be preferable to apply nonsurgical management or nephrectomy. 
The recovery potential is dependent upon many things, most 
important of which are severity of renal injury and the presence or 
absence of infection. Great recovery is seen under the stimulus of im-
paired function of the opposite kidney (Kalika et aI., 1981), In children, 
many urologists believe that the potential for recovery of what seems to 
be a severely damaged renal unit is great (Kalika et aI., 198 I). 
Determination of recovery potential has historically been based 
on gross inspection or histologic evaluation at surgery or preoperatively 
by intravenous urography. Recently, renal scan with different tracers 
has been used to assess recoverability in hydronephrosis (Chibber et al., 
198 I; McDougal and Flanigan, 198 I). Temporary relief of the obstruc-
tion with nephrostomy tubes followed by tests measuring renal function 
may be helpful in determining recoverability of function in hydro-
nephrosis (Gillenwater et aI., 1975). 
There is an extending body of information which suggests that 
Doppler ultrasonography will be of increasing use in identifying 
clinically significant obstructive uropathy (Gilbert et aI., 1993; Keller et 
aI., 1989; Platt et aI., 1991; Shokeir et aI., 1996c). One of the remaining 
points of controversy is the exact role of RI in predicting recoverability 
of renal function atier relief of ureteral obstruction. In the present study, 
reversal of RI to its basal value was associated with recovery of function 
atier relief of obstruction in all renal units. Palmer and coworkers (1991) 
have shown an increase in renal RI in a group of children who subse-
quently underwent reconstruction. Fortunately, they were able to follow 
these children; in a second pUblication 2 years later, they demonstrated 
that, of the 9 kidneys measured 3 months postoperatively, all had a 
decrease in RI values less than 0.75 (Ordorica et al.,1993). Chen and 
associates (1993) have demonstrated a decrease ofRI to below 0.70 in 3 
of 5 patients after release of severe obstruction. The other 2 patients still 
had persistent elevated RI after relief of obstruction. This might be due 
to permanent parenchymal change because the serum creatinine levels 
remained unchanged during follow-up after relief of obstruction. 
In the present study, recovery of ERPF could not be predicted 
11'0111 the changes of Rl before release of obstruction. However, a 
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reversal of a previously elevated Rl could be used as an early indicator 
that recovcry of ERPF is likely. This could be clinically applied by 
monitoring RI before and after temporary release of obstruction via 
percutaneous nephrostomy. In the future, we may be able to couple 
Doppler ultrasonography with the administration of vasoactive drugs to 
look for a reversal of a high Rl to predict recovery following corrective 
surgery (Vaughan, 1995). 
Most investigators have agreed that marked pat1ial ureteral 
obstruction results in an increase of intrarenal vascular resistance that is 
retlected as an elevation of PI and Rl. The increase of vascular 
resistance in mild paliial ureteral obstruction is still a matter of 
controversy. Although this concept has been supported by some (Ryan 
et aI., 1987; Restaino et aI., 1990), it has been questioned by others 
(Chevalier and Jones, 1986). Differences in results could be explained 
by the difference in the definition of the mild obstruction. This study 
hclps to solve this issue. We have demonstrated that a significant 
increase in Rl is present 2 weeks after induction of mild paliial ureteral 
obstruction in a standard and stable experimental model. 
Our observation that the Rl of the contralateral normal kidney is 
decreased after obstruction of the other kidney may be explained by a 
decrease in renal vascular resistance of the contralateral kidney due to 
compensatory functional and structural adaptations (Ichikawa and 
Brenner, 1979). The human equivalent could be explored through a 
study of a group of live-kidney donors before and after nephrectomy. 
It has been estimated that the value ofR! of 0.70 is the dividing 
line between obstructive and nonobstructive dilated upper urinary tracts. 
The accuracy of this discriminatory value can be improved by 
evaluation of the contralateral kidney, especially in the acute obstruction 
in which the Rl may not yet have exceeded 0.70. Platt et aI. (1991) have 
suggested that if there is a greater than 0.10 difference between the 
obstructed and the contralateral kidney, this potentiates the diagnosis of 
obstruction. We have observed that unilateral obstruction produces an 
clavation of RI or the corresponding kidney and a decrease of RI of the 
contralateral kidney. This divergent response may be more valuable in 
the diagnosis of obstruction than a single discriminatory value. 
At present the diuretic renogram is used at most centers as the 
reference standard for diagnosis of obstruction (O'Reilly et al., 1978; 
Koff et aI., 1980; Kass et aI., 1985). An added benefit to radioisotope 
rcnographY is the ability to measure differential glomerular filtration 
rate, thus arriving at a percentage of total glomerular filtration rate 
contributed by each kidney. The calculation of half-time drainage is 
more objective in the diagnosis of obstruction. Those kidneys able to 
excrete more than half of the radioisotope in less than 10 minutes 
against an empty bladder are considered nonobstructed and those 
requiring greater than 20 minutes are considered obstructed. We have 
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demonstrated that RI values correlate closely with TII2 values both in 
severe and mild pm1ial ureteral obstruction. This means that RI is a 
useful modality in the evaluation of hydronephrosis even in its early and 
mild phases. These results are in agreement with those obtained by 
Gilbel1 and associates (1993). In their study, renal Doppler ultrasound 
findings were compared with drainage values obtained with renal scinti-
graphy diuretic renography in 28 hydronephrotic pediatric kidneys, and 
they demonstrated close correlation. On the other hand, Chen et al 
(1993) stated that not all renal obstructions have significantly elevated 
RI values. In cases of mild obstruction there may be low and normal RI 
values. 
The renal Doppler examination represents physiologic 
information and does not suffice if precise anatomical information is 
required (Gilbert et aI., 1993). Therefore, it cannot be used as a single 
modality of evaluation of a patient with hydronephrosis. Thus, the value 
of using the RI is that it provides corroboration of the initial diuretic 
renogram and a noninvasive modality for monitoring the dilated 
collecting system under observation. A hydronephrotic kidney with a 
non-obstructive TI12 on diuretic renography can be followed closely with 
surveillance renal Doppler ultrasound, obviating the need for frequent 
isotope renal scintigraphy. Additionally, this method provides a 
noninvasive modality for monitoring patients after reconstructive 
surgery of the upper urinary tract. 
We could demonstrate that the rate and magnitude of 
compensatory response to mild obstruction (group A) was 
approximately the same as the response to severe obstruction (group B). 
This confirms the speculation that the progression of compensatory 
renal growth is an all-or-nothing phenomenom. If the threshold amount 
of kidney tissue is damaged or removed, then compensatory renal 
growth begins and progresses until compensatory growth is completed 
(Mitchell et aI., 1974). 
It has been shown from this experiment that if ureteral 
obstruction is relieved after 8 weeks, the post-obstructed kidney will 
gradually improve its function, regardless of the degree of partial 
obstruction. As expected, hypel1rophy occurs in the opposite kidney in 
response to the obstruction. Several studies note that the contralateral 
hypertrophy will persist after the obstruction is relieved and that total 
renal function will be better in such a situation than if the obstructed 
kidney had been removed. This is true even if the affected kidney 
involved has been severely obstructed. This argues that, in general, 
even with compensatory renal growth considered, total renal function is 
maximized by ullobstructing any functioning kidney (Stecker and 
Gillenwater, 1971). 
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Abstract 
Ol~jectives 
To study the age dependency of renal resistive index (RI) and to 
study the effect 011 the renal RI of fasting, intravenous infusion of 
normal saline, and administration of furosemide in children with normal 
upper urinary tracts. 
l\;/ethods 
The study included 28 non-obstructed renal units in 15 boys 
ranging in age from J to 11 years. Diuretic renography and Doppler 
ultrasonography were attcmpted in all children. Doppler ultrasono-
graphy was carried out under three different conditions: fasting state, 30 
to 60 minutes after intravenous infusion of normal saline (15 mLlkg), 
and 10 minutes after administration of furosemide (1 lng/kg; maximum, 
40 mg). 
Results 
There was an inverse correlation between age and RI of both 
rcnal units under the three conditions of Doppler studies. At fasting state 
mean RI was 0.70 ± 0.04, whereas 15 of28 renal units (54%) had an Rl 
of 0.70 or higher. Intravenous infusion of normal saline significantly 
decreased the RI to 0.63 ± 0.04 (p<O.OOOOO I). Injection of furosemide 
caused a fllliher significant decrease of RI hOl11 0.63 ± 0.04 to 0.60 ± 
0.04 (P<O.002). 
('onell/siom-; 
The renal RI in healthy children is age dependent. In the fasting 
statc. 54% of non-obstructed renal units in children have an RI of 0.70 
or higher. IntravenoLis infusion of normal saline and administration of 
furosemide can independently calise a significant decrease of the Rf In 
non-obstructed renal units in children. 
Introduction 
In 1989, Platt et al. described the usc of Doppler ultrasound to 
differentiate obstructive trom non-obstructive pyelocaliectasis. A mean 
resistive index (RI) value of 0.70 has been used as the dividing line 
between obstruction and non-obstruction. Although an RI of 0.70 is 
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accepted by most investigators as the higher level of normal in the adult 
population, more work needs to be done to establish accepted standards 
of normal and abnormal for pediatric renal Doppler waveforms. It has 
been shown that Doppler waveforms are likely to be age dependent, 
particularly in infants (Gilbert et aI., 1993; Wong et aI., 1989; Dejeter et 
aI., 1988; Keller, 1989; Bude et aI., 1992). Bude and associates (1992) 
have found that the renal RI in healthy children is commonly elevated 
above the upper limit in adults in the first year of life, and the overall 
trend shows a decrease with age. From 4 years on, the likelihood is low 
(2% probability) that the RI is above 0.70. The RI is also affected by 
some non-urologic renal diseases (Platt et aI., 1991), oral hydration 
(Palmer et aI., 1991), and the intravenous infusion of normal saline and 
furosemide in combination (Bude et aI., 1994). 
We studied the changes of renal vascular resistance in terms of 
RI under three different conditions in a group of children with normal 
upper urinary tracts. The RI was monitored in the fasting state, after 
intravenous infusion of normal saline, and atter administration of 
furosemide. The study is important to define the normal values of RI 
under various conditions and may be L1seful in the development of a 
phannacologically based Doppler sonographic method of evaluation of 
pyclocaliectasis. 
Recent literature has shown that the combination of intravenolls 
normal saline and furosemide can cause a significant decrease of RI in 
children with non-obstructed renal units (Bude et aI., 1994). However, 
they could not know with certainty whether this decrease was due to 
saline only or due to saline and furosemide in combination. The present 
study is important to solve this issue. 
Material and methods 
The study included 15 male children with hypospadias with a 
mean age of 6.4 years (range, 3 to I I). Diuretic renography and Doppler 
sonography were attempted in all children during their stay in the 
hospital afier correction of hypospadias. In all patients the urinary 
bladder was drained by a suprapubic catheter. The procedures were 
explained and informed consent was obtained from the parents. 
Technetium-99m mercaptoacetyltriglycine (MAG3) diuretic 
renography was performed in all patients according to our standard 
protocol (Shokeir et aI., 1994). Doppler ultrasonography was carried out 
on a subsequent day early in the morning after the child had been fasting 
for IOta 12 hours. The child was then allowed to drink and a bolus dose 
of intravenous normal saline (15 mL.lkg.) was given at a rate of I 
mLlkg/min and Doppler study was repeated. A third Doppler study was 
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carried out 10 minutes after injection of IlJrosemide (I mg/kg; 
maximum, 40 mg.). An interval of I hour was given between the second 
and third Doppler studies during which the maximum effect of 
intravenous fluid load had started to decrease. Intravenolls normal saline 
was infused during the entire second and third Doppler studies to 
replace urine output. 
Ultrasound examinations were performed on a Toshiba (SSA-
270A) unit using transducer frequency of 3.75 MHz. Renal morphology 
was studied in longitudinal and transverse planes. At least 5 Doppler 
spectra were obtained from more than three regions in each kidney in 
every study. Renal pulsatility indexes (PIs) were obtained using Toshiba 
software li'om the formula: PI= (peak systolic velocity - end diastolic 
velocity)/mean velocity. The renal RIs were calculated as: RI = (peak 
systolic velocity - end diastolic velocity) I peak systolic velocity. Values 
of PI and RI used in statistical analyses were averages of the mean 
mcasurements of each study in the individual kidney. 
Statistical analyses were performed with paired and unpaired I 
test, chi-square test, and simple linear regression analysis. 
Results 
Two of the 15 children had solitary renal units. The mean 
selective renographic MAG3 clearance was 53 ± 5 and 52 ± 6 mL/min 
for the right and left kidneys, respectively (corrected for body surface 
area). The mean half-time drainage of the right kidneys was 5.6 ± 2.5 
and that of the left kidneys was 4.6 ± 2.4 minutes. 
Satisfactory Doppler examinations were obtained in all 28 renal 
units and the results are summarized in Table 1. Representative 
waveforms under the three conditions of Doppler examinations are 
illustrated in Figure 1, There was excellent positive correlation between 
PI and RI during the whole phases of Doppler studies (correlation 
coefficient = 0.83; P= 0.0001; Figure 2). Because the PI and RI were 
positively correlated, all resuits of the RI were also applicable to PI. For 
this reason, we only discussed the changes of vascular resistance in 
terms of RI. Results of the right kidneys were comparable to those of the 
left kidneys duringthe three phases of Doppler studies Cfable I). 
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Table I. Pulsatility index and resistive index of both renal units under different 
conditions of Doppler studies* 
Condition" at 
Doppler 
Study 
Fasting 
After saline 
A ftcr saline plus 
furosemide 
Right Kidney 
(n ~ 14) 
P[ R[ 
1.[6±0.IS 0.71 ± 0.04 
0.95 ± O. [0 0.64 ± 0.04 
0.S8 + 0.09 0.61 + 0.03 
Key: PI plllsatility index, Rl resistive index. 
Left [( idney 
(n ~ [4) 
P[ R[ 
1.[6±0.[2 0.69 ± 0.04 
0.94 ± 0.09 0.62 ± 0.04 
0.S7 + 0.08 0.59 + 0.04 
*The/'e is 110 signiJicant dtfference between the right and left kidneys during (he three 
ph{[.\"es (~tDoppler studies. 
Children were stratified into two groups according to their ages: 
those with an age less than 4 years (7 children with 13 rcnalunits) and 
those 4 or more years old (8 children with 15 renal units). After infusion 
of normal saline, the RI was found to be significantly higher in the 
group of children with younger age (P<O.OO I) (Table II). Moreover, 
there was an inverse correlation between age and RI of both renal units 
under the three conditions of Doppler studies (Fig. 3). 
Figure 4 illustrates the mean and standard deviation of PI and 
RI of all renal units at the three phases of Doppler studies. RI values of 
0.70 ± 0.04, 0.63 ± 0.04, and 0.60 ± 0.04 were obtained at fasting state, 
30 to 60 minutes after intravenolls infusion of normal saline. and 10 
minutes after administration of furosemide, respectively. A significant 
decrease could be observed comparing the RI at fasting state and 
following saline infusion ( P< 0.000001). Comparison of the RI after 
saline infusion with that after furosemide injection also revealed a 
statistically significant difference ( P < 0.002). 
Table II. Mcun resistive indcx vnlLles under diflcrcnt conditions of Doppler studics in two 
groups of children with diftcrcnt nges 
Condition at Doppler 
Study 
Fasting 
Allcr sal inc 
Allcr sal inc plus furosemidc 
Key.· lv'S not sign(/iml1f: RJ 
RT (l11cnn + SO) 
<4 yenrs 
(13 units) 
IUD ± 0.04 
0.65 ± 0.04 
0.61 + 0.04 
re~"isli"e index 
2: 4 years 
(15 units) 
0.69 ± 0.05 
0.61 ± 0.03 
0.59 + 0.04 
I' 
Valuc 
NS 
O.lIl1i 
NS 
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rig. I: Doppler waveforms of the sanie kidney in the'same patient at (A) l~lsting state 
(mc:m pulsatility index [PI], 1.27; mean resistive index [RI], 0.71), (13) allcr intnlvcnous 
infusion of normal saline (mean PI, 1.13; mean RI. 0.68), and (C ) after injection of 
furosemide (mean PI. O.R5: mean Rl. 0.62). 
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entire three phases ofthc study (r = 0.83; P = 0.0001). 
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Fig. 3: Correlation between age and resistive index (Rl) of both renal units at fusting state 
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Fig. 4: Mean and standard deviation of pu!satility index (PI) and resistive index (R!) 
during the three phases of the study. 
At fasting state, 15 of28 renal units (54%) had an RI value of 
0.70 or higher. On the other hand, none of the renal units had an RI of 
0.70 or higher after infusion of normal saline and administration of 
furosemide, a difference of statistical significance (P ~ 0.0000004) 
Crable III). 
Table IJJ : Renal units with resistive index of 0.70 or higher under the three conditions 
of Doppler studies 
Condition at Doppler Study 
Fasting 
Saline 
Saline plus furosemide 
Key: R I - resistive index 
*X2 ~ 29.35; P ~ 0.000004. 
No. Renal units with RI of 0.70 or 
higher (%)* 
Comment 
15 (54%) 
1 (7 %) 
o 
In the past, ultrasonography was criticized because of its 
inability to help differentiate clearly between obstructed and non-
obstructed urinary tracts. This dilemma has been addressed with other 
examinations, such as diuretic radionuclide renography and pressure 
flow studies (Whitaker, 1973; laffe and Middleton, 1980). A renewed 
interest in ultrasonography to differentiate between obstructive and 11011-
obstructive dilation of the upper tract was addressed by Platt et al. in 
1989. They reported their experience with renal artery waveform 
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analysis in kidneys with dilated collecting systems before and after 
percutaneous nephrostomy. In their series of adults, an RI of 0.70 
emerged as the dividing line between obstructive and non-obstructive 
dilation. This concept holds promise for future clinical application in 
both adults and children. However, more work needs to be done to 
establish accepted standards of normal and abnormal values for pediatric 
renal Doppler waveforms (Keller, 1989). 
It has recently been shown that the RI is age dependent. It is 
frequently elevated above 0.70 in children younger than I year and can 
sometimcs be greater than 0.70 before the age of 4 years (Gilbert et aI., 
1993; Wong et aI., 1989; Dejeter et aI., 1988; Keller, 1989; Bude et aI., 
1992). In this study, it has been shown that there is an inverse 
correlation between age and Rl and that atter hydration the Rl is higher 
among children younger that 4 years compared with older children. 
Possible explanations for higher Rl in younger children arc increased 
renal vascular resistance and decreased total blood flow in the infant 
kidney (Gilbert et aI., 1993). However, Palmer et al.(l991) found no 
inverse relationship between age and Rl in children. Further research in 
the pediatric age group is needed to define the age at which the kidneys 
assume adult renal resistance levels. 
A noteworthy observation in this series is that the Rl is 0.70 or 
higher in 54% of non-obstructed renal units in fasting children. A tier 
hydration, the Rl regains its normal value previously mentioned in the 
literature. This observation addresses the importance of at least oral 
hydration for proper interpretation of Doppler studies. It is evident that 
changes in RI aftcr hydration or furosemide administration or both are 
more accurate for predicting renal obstruction. 
Certain types of renal medical diseases also cause elevations or 
RI, such as acute tubular necrosis, interstitial nephritis, and hemolytic-
uremic syndroms (Platt et aI., 1991). Therefore, criteria predicting 
obstruction based on a threshold level of 0.70 may be meaningless in the 
pediatric population. Bude and associates (1994) have addressed the 
idea of a test that would identify obstruction, not based on a single basal 
Rl value, but on a change in Rl through a standardized pharmacologic 
test. For this test they suggested the use of intravenous normal saline 
and furosemide. In their recent study, they have demonstrated that the 
combination of intravenous normal saline and furosemide caused a 
signitlcant decrease of Rl in 13 non-obstructed renal units. However, 
they could not know for celiain whether this decrease was due to saline 
only or due to saline and tllrosemide in combination. The present study 
has solved this issue and showed that intravenous administration of 
normal saline as well as furosemide both significantly decrease the Rl in 
non-obstructed kidneys. Other studies, however, showed that furo-
semide has no etfect on the Rl in non-obstructed kidneys in children 
([(eller 1989; Palmer et aI., 1991) and in adults (Renowden and Cochlin, 
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1992). In these latter studies, however, furosemide was used alone 
without intravenolls normal saline. 
Our observation that intravenous administration of normal 
saline and furosemide can decrease the RI in non-obstructed kidneys is 
potentiated by the physiologic fact that both normal saline and 
furosemidc can decrease renal vascular resistance (Hook et al.. 1966; 
Gerber and Nies. 1980; Ludens et aI., 1968). Ludens and associates 
(1968) demonstrated a significant lowering of the renal vascular resist-
ance in dogs after intravenolls infusion of normal saline and furosemide. 
This decrease in renal vascular resistance was dose related. When the 
110rmal saline dosage was maintained constant larger doses of 
furosemide decreased the vascular resistance. Similarly, with constant 
doses of furosemide, increased doses of saline decreased the vascular 
resistance. It is likely that a similar decrease in renal vascular resistance 
is refiected in the decrease of renal RI in our series. 
Although obstructed kidneys are not included in this study. it is 
expected that the use of intravenous normal saline and furosemide will 
cause an increase of RI of obstructed kidneys. This speculation is based 
on the previous repOlis that the use of furosemide alone can cause 
signiticant increase of RI of obstructed kidneys (Palmer et aI., 1991; 
Renowden and Cochlin, 1992). If this is true, the use of saline and 
furosemide would produce a divergent effect, causing the RI to increase 
in obstructed kidneys and to decrease in non-obstructed ones. Such a 
divergent response might be useful in the diagnosis of partial unilateral 
kidney obstruction by exaggeration of the difference between kidneys. A 
current study investigating the effect of infusion of normal saline and 
administration of furosemide on the renal RI of children with obstructed 
renal units is ongoing. 
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Abstract 
Purpo.ve 
We studied the effect of hyperhydration with normal saline and 
furosemide on renal resistive index in children with obstructive uro-
pathy. 
Materials and Methods 
99m Technetiulll-mercaptoacetyitriglycine diuretic renography 
and Dopp[er ultrasound were done in 27 ehildren (54 renal units) with 
unilateral or bilateral hydronephrosis. Doppler studies were performed 
at baseline, and after infusion of normal saline and administration of 
furosemide. Half-time drainage, eonsidered the gold standard for the 
diagnosis of renal obstruction, was compared to resistive index. 
Results 
There was a positive correlation between halt:time and resistive 
index on both Doppler studies. With a resistive index of 0.70 as the 
critical value for predicting renal obstruction 82 versus 100% sensitivity 
(p < 0.006), 63 versus 94% specificity (p< 0.04) and 76 versus 98% 
overall accuracy (p < 0.0005) were obtained for Dopp[er studies at 
baseline and atier induced diuresis, respectively. All children with false-
positive results were younger than age 4 years. 
(~'()l1dusiOJ1 
Dopp[cr ultrasonography after hyperhydration with normal 
saline and furosemide is an accurate method for diagnosing renal 
obstruction in children. It is more sensitive, specific and accurate than 
baseline Doppler studies. 
Introduction 
[n 1989 Platt et al. described performing Doppler ultrasound to 
differentiate obstructive from non-obstructive pyelocalicectasis. 
A[though a resistive index of 0.70 is accepted by most investigators as a 
high normal level in the adult population, more studies must be done to 
establish accepted standards of normal and abnormal values for pediatric 
renal Doppler waveforms. It has been shown that Doppler waveforms 
are likely to be age dependent, particularly in infants. (Gilbert et aI., 
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1993; Wong et aI., 1989; Bude et aI., 1989; Keller et aI., 1989). 
Resistive index is also affected by some medical renal diseases (Platt et 
aI., 1991), oral hydration (Palmer et aI., 1991), and the combination of 
intravenous normal saline and furosemide (Bude et aI., 1994). Resistive 
index is frequently elevated above 0.70 in children and in some renal 
diseases, such as acute tubular necrosis, interstitial nephritis and the 
hemolytic-uremic syndrome. Therefore, predicting obstruction based on 
a threshold of 0.70 may be meaningless in children. We evaluated the 
ellect of normal saline tluid load and furosemide to determine whether 
they caused any significant improvement in the diagnostic accuracy of a 
resistive index value of 0.70 as a predictor of renal obstruction in 
ehi[dren. 
Patients and methods 
We evaluated intra-renal hemodynamics in 33 children with 
unilateral or bilateral obstructive uropathy on Dopp[er ultrasonography. 
Hydronephrosis was diagnosis by ultrasound and excretory urography, 
and confirmed by diuretic renography with determination of halt~timc 
drainage (the time necessary for half of the radioisotope to be eliminated 
from the pe[vica[icea[ system). Kidneys with a half-time less than 10 
minutes were considered non-obstructed and those with a half-time 
greater than 20 minutes were considered obstructed. Six patients with an 
indeterminate half-time (between 10 and 20 minutes) were excluded 
[rom study due to inadequate data on the degree of renal obstruction. A 
total of 16 boys and 11 girls (54 renal units) 1 to 12 years old (mean age 
plus or minus standard deviation 5.7 ± 3.4) was eligible for study. In all 
patients hydronephrosis was discovered during childhood. Obstruction 
was bi[atcral in [I patients and unilateral in 16. The causes of 
obstruction were ureteropelvic junction obstruction in 29 renal units, 
posterior urethral valves in 10 and urolithiasis in 15. In the 16 patients 
with unilateral obstruction the contralateral kidney was normal (8 renal 
units) or dilated and non-obstructed (8) with a ha[t~time less than 10 
minutes. The causes of non-obstructive dilatation were non-retluxing 
megaureter in J renal units and non-obstructive ureteropelvic junction 
narrowing in 5. 
1\11 children were well hydrated before sonography and 
indwe[ling catheters were placed to ensure the absence of bladder 
pressure alii fact. Doppler ultrasonography was done at baseline and 
repeated after intravenous infusion of 15 ml.lkg. normal sal ine duri ng 30 
to 60 minutes, fol[owed by an injection of I mg./kg. furosemide 
(maximum 40 mg.). The study was repeated 10 minutes after the 
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furosemide injection. Infusion of normal saline continued during the 
entire second Doppler study to replace urine output. 
Ultrasound was performed on a Toshiba SSA-240A unit using a 
transducer ti"equency of 3.75 MHz. Renal morphology was studied in 
longitudinal and transverse planes. At least 5 Doppler spectra were 
obtained from more than 3 regions in each kidney in every study. Renal 
pulsatile index (PI) was determined using computer software and the 
formula, PI ~ (peak systolic velocity - end diastolic velocity) I mean 
velocity. Renal resistive index was calculated using the formula, RI ~ 
(peak systolic velocity- end diastolic velocity) I peak systolic velocity. 
Values of pulsatile and resistive indexes used for statistical analysis 
were averages of the mean measurements of each study in the individual 
kidneys. 
Diuretic renography was done according to a standard protocol 
in all patients. A urethral catheter was placed, an intravenous line was 
established and 15 ml./kg. normal saline were given. The patient was 
placed supine, 57 uCi. Ikg. ()()Ill technetium-mercaptoacetyltriglycine were 
injected intravenously and a standard renal scan was preformed. After 
20 minutes 1 mg'/kg. furosemide was injected intravenollsly. Sequential 
images were obtained by a gamma camera computer system for 30 
minutes, and the data were processed for generation of a time activity 
curve and calculation of glomerular filtration rate and half-time. Our 
technique of diuretic renography has been prcviously described. 
(Shokeir et aI., 1994) 
Results 
Of the 54 renal units 38 were obstructed and 16 were non-
obstructed (8 normal and 8 dilated). Glomerular filtration rate, half-time 
and resistive index values of obstructed, dilated non-obstructed and 
normal renal units are shown in table I. Values of dilated non-
obstructed and norma! renal units were comparable. On the other hand, 
obstructed renal units had a significantly lower glomerular filtration 
rate, !onger ha!f-time and higher resistive index compared to non-
obstructed renal units. 
There was positive correlation between half-time and resistive 
index in all renal units at baseline (r ~ 0.8, P < 0.000 I) and after the 
infusion of normal saline and furosemide (r ~ 0.9, P < 0.00001, fig I, 
A). Furthermore, there was an inverse correlation between glomerular 
11 Itration rate and resistive index in all renal units on both Doppler 
studies (fig. I,B). Half-time, considered the gold standard for the 
diagnosis of obstruction, was assessed as positive when greater than 20 
minutes and negative when less than 10 minutes. Resistive index was 
compared to half~time, and was considered positive (sensitivity) when 
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resistive index was greater than 0.70 and half-time was greater than 20 
minutes. Doppler studies were considered negative (specificity) when 
resistive index was less than 0.70 and halt~time was less thall 10 
minutes. 
Table !. Summary of the results of obstructed and non-obstructed renal units 
Obstructed Non-obstructed 
(p Value not significant) 
Dilated Normal Overall 
No. renal units 38 8 8 16 
GFR (mLlmin.)* 21 ± 10.5 54 ± 6.7 56 ± 7.2 55 ± 6.9 
Half-time (min.)* 26.6 ± 4.4 6.8 ± 1.7 5.5 ± 2.0 6.0 ± 1.9 
Resistive index * 
At baseline 0.75 ± 0.06 0.66 ± 0.04 0.66 ± 0.05 0.66 ± 0.04 
After saline & 
furosemide 0.79 + 0.06 0.60 + 0.05 0.61 + 0.05 0.60 + 0.05 
* Va/ues {{re expressed as means pln\" or minus standard deviation. For obstructed verslls 
11011-0bs/I'UCled rena/uni!.I' P = 0,00 I (independent flest). 
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rig. I: A, correlation between half-time (Till) and resistive index (RI) at baseline (I' = 0.8, 
p< 0.0(01), and alier addition of saline and furosemide (r= 0.9, p < 0.00001). 
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Fig. I: A, correlation between glomerular filtration rate (GFR) and resistive index at 
haseline ( r = -0.8, r < 0.000), and ailcr addition or saline and furosemide ( r = -0.9, P < 
000001 ). 
At baseline mean resistive index plus or minus standard 
deviation was 0.66 ± 0.04 and 0.75 ± 0.06 in non-obstructed and 
obstructed kidneys. respectively. With a resistive index of 0.70 as the 
critical value for predicting renal obstruction sensitivity was 82%, 
specificity 63% and overall accuracy 76% (table 2). After the infusion of 
normal saline and administration of furosemide there was a significant 
increase in the resistive index of obstructed kidneys (0.75 ± 0.06 versus 
0.79 ± 0.06, P < 0.001) and a significant decrease in the resistive index 
or non-obstructed kidneys (0.66 ± 0.04 versus 0.60 ± 0.05, P ~ 0.0006). 
This divergent response improved the results, and values of 100, 94 and 
980/0 were obtained for sensitivity, specificity and overall accuracy, 
respectively (table 2). A comparison of sensitivity, specificity and 
overall accuracy 011 both Doppler studies is shown in table 3. Diuretic 
Doppler ultrasonography was significantly more sensitive, specific and 
accurate for predicting rcnal obstruction than Doppler ultrasonography 
at baseline. Representative Doppler waveforms of an obstructed and a 
normal kidney before and after induction of diuresis are shown in 
figures 2 and 3, respectively. 
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Table 2. Agreement between half-time & resistive index 
Resistive Halt~ Time 
Index (No. renal units) 
Positive Negative 
At baseline* Pos. 31 6 
Neg. 7 10 
A ftcr saline and furoscmide* Pos. 38 1 
Neg. 0 IS 
* Sensitivity 82%, specificity 63'Yo and overall accuracy 76%. 
* Sensitivity 100'%, specificity 94% and overall accuracy 98%. 
Children were stratified into 2 groups according to age: 9 
younger than 4 years (12 obstructed and 6 non-obstructed renal units) 
and 18 children 4 years old or older (26 obstructed and 10 non-
obstructed renalullits). The correlation between patient age and number 
of renal units with false results on both Doppler studies is shown in table 
4. At baseline 6 of the 16 non-obstructed renal units (37.5%) had false-
positive results (r > 0.70) and all were in children younger than age 4 
years. After infusion of normal saline and furosemide, I renal unit (6%) 
continued to have a resistive index of 0.70, while in the remaining 5 
resistive index decreased to less than 0.70. At baseline 7 of 38 
obstructed renal units (18%) had false-negative resuits (Rl<0.70), 
including only 1 in a patient younger than age 4 years. After the addition 
of saline and furosemide resistive index increased to greater tban 0.70 
and none of the patients with obstruction continued to have a false-
negative result. It is evident that the addition of normal saline and 
furosemide decreases the number of false-positive results in children 
younger than age 4 years and false-negative results in older children. 
Table 3. Comparison between the results of the 2 Doppler studies 
Sensitivity 
Specificity 
Overall accuracy 
No. Renal Units 1 Total No. 
(%) 
At baseline After saline & 
rurosemide 
31/38 (81) 38/38(100) 
10116 (63) 15/16 (94) 
41/54 (76) 53/54 (98) 
p Value (Fisher's 
exact test) 
< 0.006 
< 0.04 
< 0.0005 
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Table 4. Correlation between patient age and false results 
No renal units 
At baseline: 
False pas. 
False neg. 
After saline and 
furosemide: 
False pas. 
False neg. 
Younger than 4 years 4 years or older 
( obstructed)* 
Nonobstructed Obstructed 
6 12 26 
6 
6 
o o 
*No J(llse results in 10 nonobstructed renal units. 
Fig 2: Doppler ultrasound of obstructed kidney. A, at baseline (mean pulsatile index 1.5, 
mean resistive index 0.81). [3, after inrusion of normal saline and administration of 
furosemide (mean pulsatile index 1.71, mean resistive index 0.88). 
rig. J: Doppler ultrasound oj' normal kidney. A. (It baseline ( mean pulsatile index \.00. 
mean resistive index 0.70). B. aller infusion of normal saline and administration or 
furosemide (mean pulsatile index 0.78, mean resistive index 0.61), 
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Discussion 
Platt et al (1989a) recently described the use of renal resistive 
index to differentiate obstructive from non-obstructive pyelocaliectasis. 
In an effort to detine a good discriminatory value to differentiate 
obstructive from non-obstructive dilatation they reported a large series 
of patients, including 70 with pyelocaliectasis (Platt et ai., 1991). In the 
38 obstructed kidneys mean resistive index (0.77 ± 0.05) was elevated 
compared to that of 32 with non-obstructive dilatation (mean 0.63 ± 
0.06). These 70 kidneys allowed Platt et al to plot a receiver operating 
curve that identified 0.70 as an optimal discriminatory resistive index 
value. This threshold value achieved 92% sensitivity, 88% specificity 
and 90% overall accuracy in diagnosing the presence or absence of 
obstruction in the adult population. 
Few data exist regarding renal Doppler assessment of 
hydronephrotic kidneys in the pediatric population. It has been shown 
that the resistive index is frequently elevated above 0.70 in young 
children with normal upper urinary tracts (Gilbel1 et ai., 1993; Wong et 
ai., 1989; Bude et aI., 1989; Keller et aI., 1989). In an attempt to circum-
vent this age dependency, Keller et al (1991) recently evaluated the 
resistive index ratio (the ratio of resistive index of the potentially 
obstructed-to-contralateral normal kidney), achieving 77% sensitivity 
and 81 % specificity. A Iso, Palmer et al (1991) and Keller et al (1992) 
recently investigated Doppler ultrasonography in children before and 
after intravenolls furosemide administration, showing that furosemide 
causes the resistive index to increase above baseline in obstructed 
kidneys but it does not significantly affect the resistive index compared 
10 baseline in normal and non-obstructed kidneys with pyelocaliectasis. 
In ! 994 Rude ct al demonstrated that infusion of normal saline and 
administration of furosemide significantly decrease the resistive index in 
non-obstructed renal units compared to baseline values. We recently 
contirmed the results of Bude et al in 14 children with normal upper 
urinary tracts (Shokeir et aI., 1996b). In another experimental study we 
showed that infusion of saline and furosemide causes the resistive index 
to decrease in non-obstructed and increase in obstructed kidneys 
(Shokeir et ai., 1997a). The same results were obtained in the present 
clinical study. The divergent responses of the obstructed and nOn-
obstructed renal units to intravenolls fluid load and furosemide have 
significantly improved the sensitivity, specificity and overall acclll'acy 
Dfthe resistive index value of 0.70 as a predictor of renal obstruction. 
Our results confirm those of previous studies that furosemide 
can cause a significant increase in the resistive index in obstructed renal 
units (Palmer et ai., 1991; Keller et aI., 1992). We agree with Bude et al 
( I 994) Ihat intravenous normal sal inc and furosemide decrease the 
resistive index in non-obstructed kidneys. However, other studies have 
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shown that furosemide has no effect on the resistive index in non-
obstructed kidneys in children (Palmer et aI., 1991; Keller et aI., 1992) 
as well as adults (Renwoden and Cochlin, 1992), although furosemide 
was given alone without an intravenous fluid load. 
Our observation that the intravenous administration of normal 
saline and furosemide decreases the resistive index in non-obstructed 
kidneys is potentiated by the physiological fact that normal saline and 
furosemide decrease renal vascular resistance (Hook et aI., 1966; Gerber 
et aI., 1980; Ludens et aI., 1968). Ludens et al (1968) demonstrated a 
significant dose related decrease in renal vascular resistance in dogs 
after intravenoLls infusion of normal saline and furosemide. When the 
normal saline dose was maintained constant, larger doses of furosemide 
decreased vascular resistance. Similarly with a constant dose of 
furosemide, increased doses of saline decreased vascular resistance. It is 
likely that a similar decrease in renal vascular resistance is reflected in 
the decrease in renal resistive index in our series. 
Notably all children in our series with false-positive results 
were younger than age 4 years. Similar results were obtained in our 
recent study of 28 non-obstructed renal units (Shokeir et ai., I 996b). 
These results are in agreement with those of Bude et al (1994) who 
noted that the renal resistive index in healthy children is commonly 
elevated above the upper limit in adults (0.70) in the tirst year of life and 
the overall trend shows a decrease with age. From age 4 years on the 
likelihood is low (2% probability) that the resistive index will be above 
0.70. 
Presently diuretic renography is used at most centers as the gold 
standard for the diagnosis of obstruction. Kass et al (1985) evaluated 42 
hydronephrotic kidneys with diuretic renography and pressure perfusion 
studies to diagnose or exclude obstruction. Both studies were highly 
accurate but a small number of false-positive and false-negative results 
were noted with each testing modality. An added benefit to radioisotope 
renography is the ability to measure differential glomerular filtration 
rate and arrive at a percent of total glomerular filtration rate contributed 
by each kidney. The calculation of half-time drainage is more objective 
in the diagnosis of obstruction. Kidneys able to excrete more than half 
of the radioisotope in less than 10 minutes with an empty bladder are 
considered non-obstructed and those requiring more than 20 minutes are 
considered obstructed. Although diuretic renography is non-invasive, it 
has the disadvantages of being expensive, Llsing ionizing radiation and 
having a 10 to 15% rate of false-positive and indeterminate results. 
(Howman - Giles et ai., 1987) 
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Conclusions 
The non-invasive nature of measuring renal resistive index 
gives it considerable appeal in its potential application to children with 
obstructive uropathy. The addition of normal saline fluid load and 
furosemide has significantly improved the sensitivity, specificity and 
overall accuracy of Doppler ultrasonography in the diagnosis of renal 
obstruction in children, particularly those younger than 4 years. 
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Abstract 
Objective 
To study the effect of hyperhydration with normal saline and 
frusemide on the renal resistive index (RI) in children with equivocal 
obstructive uropathy. 
Methods 
Twelve children (24 kidneys) with unilateral or bilateral 
hydronephrosis underwent isotopic diuretic renography and Doppler 
ultrasonography. All children had equivocal obstruction of the hydro-
nephrotic renal units with hall~time drainage TII2 values between 10-20 
min. Doppler studies were carried out at baseline and after the infusion 
of normal saline and fl'usemide. 
Results 
Of the 24 kidneys, live were normal and 19 were hydro-
nephrotic; compared with normal kidneys, the hydronephrotic units had 
a significantly lower glomerular filtration rate (GFR) and longer T'/2 . 
At baseline, the mean RI values of normal and hydronephrotic kidneys 
were not significantly different (0.70 SO 0.03 and 0.71 SO 0.04, 
respectively). After the infusion of saline and frusemide, the mean RI 
of hyrdonephrotic kidneys (0.67 SO 0.07) was significantly (P = 0.01) 
higher than that of normal kidneys (0.60 SO 0.02), but the response of 
RI in hydronephrotic kidneys was variable. Based on the RI at baseline 
and after infusion, hydronephrotic kidneys could be categorized into 
three groups. Group I (n=6) had an RI < 0.7 before and after infusion, 
group 2 (n=6) had a baseline RI > 0.7 and < 0.7 after infusion, and in 
groups 3 (n=7) both Rls were> 0.7. Kidneys in group 3 had the lowest 
GFR and the highest Till values. Five of these seven hydronephrotic 
kidneys eventually had deteriorating GFRs requiring surgical 
correction; the GFR of the remaining hydronephrotic kidneys remained 
stable. 
Conclusions 
In children with equivocal obstructive uropathy based on 
diuretic renography, the determination of RI before and after infusion of 
normal saline and frusemide could be helpful in distinguishing 
obstructed from non-obstructed renal units. 
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Introduction 
The diagnosis of obstructive uropathy in children is a difficult 
and perplexing problem. Diuretic renography is the most widely 
accepted non-invasive procedure for the diagnosis of obstructive 
pyelocalyectasis (O'Reilly et aI., 1978; Koff et a!., 1980; Kass et a!., 
1985). In 1985 Kass and associates used the half-time drainage T'/2 as 
an objective tool in the diagnosis of obstruction. TII2 is defined as the 
interval necessary for half of the isotope to be eliminated after 
administration of frusemide. Kidneys with a T1/2 :':10 min are con-
sidered to be unobstructed and those with T1/2 2: 20 minutes are 
obstructed. UnfOliunately, 15 - 20 % of dilated collecting systems have 
indeterminate results, with a T'12 of 10-20 min (Kass et aI., 1985). In 
this particular group of patients, diuretic renography must be augmented 
with other diagnostic procedures to determine whether the dilated 
collecting system is obstructed or not. 
In 1989, Platt et al. described the use of Doppler ultrasono-
graphy to differentiate obstructive from non-obstructive pyelocaly-
ectasis. The non-invasive measurement of the resistive index (RI) is 
particularly attractive for use in children with obstructive uropathy. We 
have recently shown that the sensitivity, specificity and overall accuracy 
of RJ in identifying c1hildren with unequivocal obstructive uropathy (T1I2 
> 20 nninutes) increased significantly with the addition of intravenous 
normal! saline fluid load and lrusemide (Shokeir et a!., 1996c). I n the 
present study, we determined the RI before and after infusion of normal 
saline and frusemide to identify obstruction in children in whom the 
diuretic renography was equivoeal (T1/2 of 1 0 -20 min). 
Patients and methods 
The intrarenal haemodynamics in 12 children (seven boys and 
five girls, mean age 4.3 years, S.o 2.7, range 1-9; 24 kidneys) with 
unilateral or bilateral equivocal! obstructive uropathy were evaluateG! 
using Doppler ultrasonography and diuretic retlography in separate 
sessions. The study group was: highly selected' so that one or bolh 
kidneys had pyelocalyectasis with a T1/2 value Ibetween IOJ and 20 mun. 
Pyelocalyectasis was diagnosed by ultrasonography and excret@ry 
urography; in all patients, the hydronephrosis was discovered during 
childhood and was bilateral in seven amd unilateral in five. The causes 
of pyelocalyectasis were peliyiureterie junction narrowing in 11 and 
non-retluxing megaurcter in eight renal units. In all the five patients 
with unilateral pyelocalyectasis the contralateral kidney was normal, 
with T1I2 value < 10 min. 
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A fter the renographic and ultrasonographic studies, children 
were monitored with renography every 3 months during a follow-up 
period of 3 to 12 months. When a progressive decrease in GFR 
occured, thc hydronephrotic units were surgically corrected. 
Doppler ullraSOl1ogl'aphy 
All children were well hydrated before ultrasonography and 
indwelling catheters were placed to ensure there were no bladder 
pressure artifacts. In every patient, Doppler ultrasonography was carried 
Ollt at baseline and then repeated after the intravenous infusion of 
normal saline (15 mLlkg) given during 30-60 min followed by an 
injection with trusemide (1 mg/kg, maximum 40 mg); the study was 
repeated 10 min after the injection. The Infusion of normal saline was 
continued during the entire second Doppler study, to replace urine 
output. 
Ultrasonography was performed on a Toshiba (SSA-270A) unit 
(Toshiba Corporation Medical Systems Division, Tokyo, Japan) at a 
transducer frequency of 3.75 MHz. Renal morphology was examined in 
longitudinal and transverse planes. At least five Doppler spectra were 
obtained from more than three regions in each kidney in every study. 
The RI was obtained using software, from the formula RI = (peak 
systolic velocity-end diastolic velocity) / peak systolic velocity. Values 
of RI L1sed in statistical analyses were overall means of the mean 
measurements in each study in the individual kidney. 
Diurelic renography 
Diuretic renography was performed using a standard protocol 
for all patients; a urethral catheter was placed in each child, an 
intravenous line established and normal saline given (15 mLlkg). The 
99 
patient was placed supine on the scanning table and IllTc-MAG1 in-
jected intravenously at a dose of 2.11 MBg/kg and a standard renal scan 
performed; atter 20 min, I mg/kg frusemide was injected intravenously. 
Sequential images were acquired by a gamma camera computer system 
for 30 min and the computed data processed to generate a time activity 
curve, the GFR and the Till ; the technique of diuretic renography was 
described previously (Shokeir et aI., 1994). 
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Results 
Of the 24 kidneys investigated, five were normal and 19 
hydronephrotic; the GFR, TII2 and RI values are summarized in Table I. 
Compared to the normal kidneys, the hydronephrotic renal units had 
significantly lower GFR and longer TI/2 values. At baseline, the mean 
(SO) RI values were 0.70(0.02) and 0.71(0.04) for normal and 
hydronephrotic kidneys, respectively; the difference was not significant. 
A fter the infusion of saline and frusemide, the difference between RI of 
normal and hydronephrotic kidneys became significant (p < 0.0 I; Table 
1). Compared with baseline values, the infusion of saline and frusemide 
caused a significant decrease in the mean RI of normal renal units (p< 
0.001) and no significant change in the mean RI of hydronephrotic 
kidneys (p> 0.05; Table 1). However, the response of the hydro-
nephrotic kidneys was remarkedly diverse. Representative Doppler 
waveforms in both conditions are given in Fig.l. 
Table I. Summary of results obtained from hydronephrotic and normal kidneys 
GFR (mUmin) 
HS (min) 
RI 
Basal 
After saline+frusemide 
* Student I~tcst 
Normal Hydro p* 
n ~ 5 nephrotic 
52 (2) 
5 (2) 
0.70 (0.02) 
0.60 (0.02) 
n ~ 19 
46 (9) 
14 (3) 
0.71 (0.04) 
0.67 (0.07) 
0.01 
< 0.0001 
0.7 
0.01 
There was a strong positive correlation between the TI/2 and RI 
of all kidneys after the infusion of normal saline and frusemide (r ~ 0.75 
P<O.O 1; Fig. 2) but there was no significant correlation between T'12 and 
RI at baseline. Moreover, there was an inverse correlation between the 
GFR and RI of all kidneys in both conditions during the Doppler 
studies(Fig.3). 
Children were classified into two groups according to their age i. 
e. those aged < 4 years (seven children with 14 kidneys, three normal 
and II hydronephrotic) and those aged> 4 years (five children with 10 
kidneys, two normal and eight hydronephrotic). There was no signifi-
cant difference between the mean values of RI in children of both age 
groups in both conditions of Doppler studies. Of the normal kidneys, 
all three with an RI > 0.70 were in children younger than 4 years. 
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Figure I: Doppler utlrasonography of a kidney with mild pyclocalyectasis: a) at basal 
conJiliOIl (RI=O.71), and b} atter infusion of normal saline and frusemide (RI = 0.57). 
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Figure 2: Correlation between TII2 and RI at basal condition (r = 0.33, p = 0.(2) and aner 
infusion of saline and fruscmidc (r = 0.76, p = 0.0001). 
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l;igure 3: Correlation between OFR and RI at baseline (r = -0.41, p = O.048) and after infusion 
of sal ine and Iruscmide (r = 0.86, P = 0.000 I). 
The 19 hydronephrotic kidneys were tliliher c[assitied into 
three groups according to the value of R[ before and after the infusion 
of normal saline and fi·usemide. [n group I (n ~ 6) , RI was <0.70 at 
both times, in group 2 (n ~ 6) the basal RI was >0.70 and aile I' intllsion 
was < 0.70, and in group 3 (n~7) the RI was >0.70 on both occasions. 
The mean values of RI before and after infusion, the GFR, and Til, of 
the three groups of hydronephrotic and the normal kidneys arc 
summarized in Tab[e 2. Compared with the normal kidneys and groups 
1 and 2, the kidneys in group 3 had the lowest GFR and the highest TI/2 
values. furthermore, the changes in RI after the infusion of saline and 
frusemide were significantly different in group 3 and increased rather 
than decreased. Thus, the kidneys of group 3 showed all the 
characteristics compatible with obstruction of the hydronephrotic 
kidneys (Shokeir et a[., 1 996c). 
All patients with hydronephrotic kidneys were followed using 
renography every 3 months; five of the seven kidneys of group 3 
showed a progressive decrease in GFR and were surgically corrected. 
Comparing the results of these five kidneys before and after 
surgical correction showed significant decrease in mean (SD) R[ from 
0.73 (0.02) to 0.66 (0.03) (P<O.OI), and significant decrease in TI/2 hom 
[8.2 (0.8) to 7.0 ([ .6) (P<O.OO [) and no significant change of GFR. The 
hydronephrotic kidneys of groups [ and 2 showed a stable GFR on 
surveillance and were not subjected to surgery. 
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Table 2, ('l<lssitlcation of kidneys according to the RI before and after infusion of normal 
saline und tl"usemidc 
Hydronephrotic grollp* 
Normal I 2 3 P' 
Number 5 6 6 7 
Mean (SD ) 
Rl bnseline (UO (0.01) 0.66 (0.03) 0.72 (0.01) O.7l (0.02) > 0.05 
RI aftcr 0.60 (O.O() 0.58 (0.02) 0.66 (0.02) 0.76 (0.02) < 0.05 
infiJsion 
" RI -0.10 (0.02) -0.08(0.02) -0.06(0.02) 0.02 (0.01) < 0.05 (lFR 52 (1.7) 52(19) 53 (3) 35 (5) < 0.05 
(mLllllin) 
T",(m;,,) 5.4 (19) 12 (0.7) 14 (1.2) 17 (18) < 0.05 
»< Group I. RI< 0.70 before and after infusion: group 2, RI > 0.70 before and < 0.70 after 
infusion: group 3, RI > 0.70 beJore and after infusion. * Group 3 versus normal, group I 
,mel L onc~\Vay ANOYA + Student ~ Newman-KellIs test. 
Discussion 
The differentiation of true renal obstruction from non-ob-
structive dilatation in children is difficult. Grey-scale ultrasonography 
is generally of little value in this clinically important distinction. 
Standard excretory urography, even with diuretic augmentation, does 
not permit the objective diagnosis or exclusion of urinary obstruction. 
The Whitaker test has not achieved extensive popularity because it has 
potential risks and is invasive (Whitaker, 1973; Jaffe and Middleton, 
1980). As a substitute, there is considerable interest in the diuretic renal 
scan, which provides an accurate measurement of individual renal 
function, is not invasive and is tolerated well by patients(O'Reilly et aI., 
1978; Koff et aI., 1980; Kass et aI., 1985). However, the rate of washout 
of the radionuclide is influenced by several factors, including renal 
functions, ability to respond to the diuretic, distensibility and the 
volume of the collecting system (Kass et aI., 1985). Therefore, 15-20% 
of children with pyelocalyectasis have indeterminate results from 
diuretic renography (Kass et aI., 1985). Platt et al. (1989a) recently 
described the use of the renal Rl to differentiate obstructive from non-
obstructive pyelocalyectasis. In an eff0l1 to deline a good 
discriminatory value to differentiate obstructive from non-obstructive 
dilatation, they rep0l1ed on a large series of patients, including 70 with 
pyelocalyectasis. In the 38 obstructed kidneys, the mean (SD) RI of 
0.77 (0.05) was greater than the 32 kidneys that had non-obstructive 
dilatation (0.63 SD 0.06). The results from these 70 kidneys were used 
to construct a receiver-operating curve that identilied an RI of 0.70 to be 
the optimal discriminatory value. This threshold value gave a sensitivity 
of 92%, a specificity of 88%, and an overall accuracy of 90% in 
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diagnosing the presence or absence of obstruction in the adult 
population (Platt et aI., I 989b). 
There is little information about the renal Doppler assessment 
of hydronephrotic kidneys in children. it has been shown that the RI 
frequently exceeds 0.70 in young children with normal upper urinary 
tracts (Gilbel1 et aI., 1993; Wong et aI., 1989; Bude et al., 1992). In an 
attempt to circumvent this relationship with age, Keller et al. (1991) 
examined the RI ratio (the ratio of the RI in the potentially obstructed 
kidney to the contralateral normal kidney), achieving a sensitivity of 
77% and a specificity of 81 %. Additionally, Palmer et al. (1991) and 
Keller et al. (1992) investigated Doppler ultrasonography in children 
before and after intravenous frusemide, showing that fruscmide causes 
the RI to increase above baseline in obstructed kidneys and did not 
significantly affect the RI in normal and unobstructed pyelocalyectatic 
kidneys. Bude et al. (1994) sbowed tbat the infusion of normal saline 
ancl administration of frusemide significantly decreased tbe RioI' 
unobstructed kidneys compared with baseline values; we recently 
confirmed tbese results in 14 children with normal upper urinary tracts 
(Sbokeir et al.. I 996b). In another clinical study we showed tbat 
hyperhydration with normal saline and the administration of frllscmide 
significantly increased the sensitivity. specificity and overall accuracy 
of Doppler ultrasonography in the identification of obstruction in 27 
cbildren witb unilateral or bilateral hydronepbrosis (Shokeir et al.. 
1996e). In that, all tbe hydronephrotic kidneys bad unequivocal 
obstruction with a TI/2 > 20 min. In the present study, intravenolls 
normal saline and frusemide also helped to differentiate between normal 
and equivocally obstructed kidneys witb a TIl' of 10-20 min. Moreover, 
a significant number of normal and hydronephrotic kidneys with an RI 
> 0.70 at baseline had an RioI' < 0.70 atter the intllsion of saline and 
frusemide. Thus hyperhydration and diuresis increase the specificity of 
an RI of 0.70 in discriminating obstruction, by reducing the number of 
false-positive results. 
The tinding that the intravenolls administration of normal 
saline and frusemide can decrease the RI in unobstructed kidneys is 
supported by the physiological effect of both normal saline ancl 
frusemidc in decreasing renal vascular resistance (Hook et aI., 1966: 
Gerber and Nies 1980; Luclens et al.. 1968). l~uclens et al. (1968) 
reported a significant decrease in renal vascular resistance in dogs after 
this treatment, which was also dose related; when the dose of normal 
saline was maintained constant, larger doses of frusemide decreased the 
vascular resistance. Similarly, with a constant dose of frusemide, 
increased doses of saline decreased the vascular resistance. It is likely 
that a similar decrease in renal vascular resistance is j'eflected in the 
decrease of renal RI in the present series. 
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When equivocal obstruction is diagnosed by renography (T1I2 
10 -20 min), Doppler ultrasonography may be of potential value in 
distinguishing between obstructed and unobstructed kidneys, Initially, 
all hydronephrotic kidneys in the present series were managed by 
conservative surveillance, with follow-up renography to detect changes 
in GFR indicating a deterioration in renal function, Based on RI before 
and after infusion, groups of hydronephrotic kidneys could be 
distinguished; those with both Rls > 0,70, had a high risk of renal 
impairment Five of seven of these kidneys showed deterioration of 
GFR and were surgically repaired, In a previous study, Rls >0,70 
before and after saline and frusemide indicated obstruction in kidneys 
with a T'12 > 20 min; apparently, the same applies for kidneys with 
slightly lower Till values. In the fIve kidneys that were surgically 
corrected, Till \vas 17-19 min, while those with a stable GFR had TII1 
values of 11-15 min, Thus it appears that a combination of a TII2 > 15 
min and an RI of> 0.70 after saline and furesmide is characteristic of 
the prcsence of obstruction in a hydronephrotic kidney, 
The RI correlated closely with TII2 in children with equivocal 
pyelocalyectasis after the infusion of saline and frusemide; thus the RI 
is a lIseful variable in the evaluation of hydronephrosis, even in its early 
and mild phases, These results agree with those obtained by Gilbert et 
aL (1993) who reported a close correlation between the findings of renal 
Doppler ultrasonography and drainage values obtained with renal 
scintigraphy / diuretic renography in 28 hydronephrotic paediatric 
kidneys, However, Chen et aL (1993) stated that not all renal 
obstruction produces a significantly elevated RI; in mild obstruction 
there may be low and normal RI values, 
The renal Doppler examination provides physiological in-
formation and is insufficient for precise anatomical definition. 
Therefore, it cannot be used as a single method of evaluation in a 
patient with hydronephrosis, Thus, the value of using the RI is to 
provide corroboration of the initial diuretic renogram and as a non-
invasive modality for monitoring the dilated collecting system under 
observation. Thus, a hydronephrotic kidney with an un-obstructive or 
equivocal T'12 on diuretic renography can be followed closely with renal 
Doppler ultrasonography, obViating the need for frequent isotopic renal 
scintigraphy. Additionally, it may be a Llseful non-invasive method for 
monitoring patients after re-constructive surgery of the Lipper urinary 
iract 
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Introduction 
The diagnosis of urinary tract obstruction is a difficult problem 
paIiicularly in children. Several methods have been used to identify 
obstructive uropathy, but none of them is satisfactory. The potential 
usefulness of resistive index (RI) obtained during Doppler ultrasono-
graphy (DU) was recently described by Platt et al (I 989a). The non-
invasive nature of the measurement of renal RI gives it considerable 
appeal in its potential application to patients with obstructive uropathy. 
The present thesis deals with the role of RI in the diagnosis of 
obstructive uropathy. 
RJ in ohstructed and non-obstructed kidneys. 
Renal obstruction like other states of increased vascular 
resistance, produces a change in the Doppler waveform causing an 
increase in Rl. An Rl value of 0.70 is accepted by most investigators to 
be the upper limit of normal in the adult population. However, renal 
outflow obstruction is not the only cause of an elevation of RI. The RI 
value could exceed 0.70 without obstruction in children, patiicularly 
infants, and in patients with non-urological renal diseases. Moreover, 
dehydration, hypotension and a low heart rate appear able to cause an 
elevation of RI without a true change in renal vascular impedance. 
However, a normal RI in these conditions is stil! a strong argument 
against obstruction. In the first clinical study of this thesis (chapter 6) we 
have observed that the RI is 2: 0.70 in 54% of non-obstructed kidneys in 
fasting children. After hydration, the RI regains its normal value; this 
observation addresses the importance of at least oral hydration for the 
proper interpretation of Doppler studies. 
RJ in mild obstruction 
Most investigators agree that marked partial ureteric obstruction 
results in an increase in intra-renal vascular resistance that is reflected as 
an elevation ofRI. The increase of vascular resistance in mild obstruction 
is still a matter of controversy and has generated a heated debate. In the 
second experimental (chapter 4) and third clinical (chapter 8) studies of 
this thesis we show that RI is a helpful diagnostic modality even in mild 
and equivocal obstruction. 
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Diagnostic accuracy of R! 
In the first experimental study of this thesis (chapter 3), we 
demonstrated that infusion of saline and furosemide causes the RI to 
decrease in non-obstructed kidneys and to increase in obstructed ones. 
This divergent response helps identify obstruction and is better than a 
simple discriminatory value of RI. We used this principle in the second 
clinical study of the thesis (chapter 7) in 54 hydronephrotic paediatric 
kidneys and showed that infusion of normal saline and administration of 
furosemide significantly increased the sensitivity, specificity and overall 
accuracy of Rl in the diagnosis of renal obstruction. 
RI and prediction ofrecoverability afrenalfunction 
In the last experimental study of this thesis (chapter 5), we 
showed that the recovery of renal function could not be predicted from 
the changes of RI before de-obstruction. However, we noted that a 
reversal of a previously elevated RI could be used as an early indicator 
that recovery of renal function is likely. This could be applied clinically 
by monitoring RI before and after the temporary release of obstruction 
via a percutaneous rephrostomy. In the future, we may be able to couple 
DU with the administration of vasoactive drugs to detect a reversal of a 
high RI to predict recovery following corrective surgery. 
Relation ofR! with diuretic renography 
In the present thesis, we supported the recent urological and 
radiological reports that there is a good positive correlation between RI 
and half-time drainage (T'I2). Thus, a hydrorephotic kidney with a non-
obstructive TII2 on diuretic renography can be followed closely with 
surveillance renal DU, obviating the need for frequent isotope renal 
scintigraphy. 
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SUMMARY 
We developed a new experimental canine model of pattial 
ureteral obstruction that is simple, reliable, and reversible (chapter 2). 
We used this model to induce unilateral pmtial ureteral obstruction of 
different grades in three experimental studies. 
In the lirst experimental study (chapter 3), we investigated the 
etfect of intravenous normal saline fluid load, with and without 
furosemide, upon the renal resistive index (Rl) of obstructed and non-
obstructed kidneys. We found that in unilateral partial ureteral 
obstruction, addition of intravenous normal saline and furosemide cause 
the RI to increase in obstructed kidney and to decrease in non-obstructed 
kidney. Such a divergent response may be useful for the development of 
a pharmacologically challenged Doppler examination to diagnose better 
potentially obstructed kidneys. 
In the second experimental study (chapter 4), we investigated the 
changes in renal RI and renal function with time during different grades 
(Chapter 4) of partial ureteric obstruction, and we determined the 
correlation between the ultrasonographic and renographic lindings. We 
found that unilateral partial ureteric obstruction increased the RI and 
half-time drainage (Til,) and decreased the effective renal plasma flow 
(ERPF) of the corresponding kidney, together with a decrease of RI and 
an increase in ERPF of the contralateral kidney. The more severe the 
obstruction, the greater the increase in RI and TI/2 and the decrease in 
ERPF. After the obstruction stabilized, RI and TII2 were positively 
correlated. 
I n the third experimental study (chapter 5), we investigated the 
changes in RI and renal ti.mction before and after release of different 
grades of pmtial unilateral ureteral obstructions. From that study we 
concluded that: I) Unilateral partial ureteral obstruction produces an 
elevation of RI and T'/2 and a fall in ERPF of the corresponding kidney. 
2) After relief of obstruction, renal function is regained with associated 
reversal of RI. 3) Functional parameters (Till, RI or ERPF) of the 
obstructed kidney do not predict the recovery of ERPF after release of 
obstruction. 4) Rapid reversal of a previously elevated RI is an early 
indicator of recoverability of renal function after relief of ureteral 
obstruction. 
A fter the experimental studies, we carried out three clinical 
studies in children. In the first clinical study (chapter 6), we investigated 
the effect on the renal RI of fasting. intravenous infusion of normal 
saline, and administration of furosemide in children with normal upper 
urinary tracts. We found that the renal RI in healthy children is 
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age-dependent. In the fasting state, 54% of non-obstructed renal units in 
children have an RI of 0.70 or higher. Intravenous infusion of normal 
saline and administration of furosemide can independently cause a 
significant decrease of the RI in non-obstructed renal units in children. 
In the second clinical study (chapter 7), we investigated the 
effect of hyperhydration with normal saline and furosemide on renal RI 
in children with obstructive uropathy. We found that with an RI of 0.70 
as the critical value for predicting renal obstruction, 82 versus 100% 
sensitivity ( P< 0.006), 63 versus 94% specificity ( P < 0.04) and 76 
versus 98% overall accuracy (p < 0.0005) were obtained for Doppler 
studies at baseline and after induced diuresis, respectively. From that 
study we concluded that Doppler ultrasonography after hyperhydration 
with normal saline and furosemide is an accurate method for diagnosing 
renal obstruction in children. It is more sensitive, specific and accurate 
than baseline Doppler studies. 
In the third clinical study (chapter 8), we investigated the effect 
of hyperhydration with normal saline and furosemide on the renal RI in 
children with equivocal obstructive uropathy (children with TI/2 values of 
10-20 min). We found that in such children the determination of RI 
before and after infusion of normal saline and furosemide could be 
helpful in distinguishing obstructed from non-obstructed kidneys. 
We conclude that renal RI is a useful method to identify patients 
with obstructive uropathy. However, at present, RI does not suffice if 
precise anatomical information is required. Therefore, it cannot be used 
as a single modality for evaluating a patient with hydronephrosis. RI 
provides corroboration of the initial diuretic renography and is 
considered as a non-invasive technique for monitoring the dilated 
collecting system under observation. Additionally, this method provides 
a non-invasive modality for monitoring patients after re-constructive 
surgery of the upper urinary tract. 
SAMENVA TTING 
Een belemmering van de afvloed van urine naar de blaas is een 
veel voorkomende ativijking zowel bij pasgeborenen als volwassenen. 
Een dergelijke afvloedbelemmering veroorzaakt verwijding van het 
boven de obstructie gelegen deel van de urinewegen. Meestal zal de nier 
verwijden (men spreekt dan van hydronefrose), soms ook de urinelijder. 
Door de obstructie zal de druk in het systeem oplopen met vermindering 
van nierfunctie als gevolg. De functie van de nier kan met behulp van 
isotopenonderzoek goed worden bepaald, maar de mate van obstructie is 
moeilijker vast te stell en. Bij lichte vormen van obstructie, waarbij de 
functie van de nier nonnaal blijft kan in het algemeen een afwachtende 
houding worden aangenomen. Is de obstructie ernstiger dan zal een 
operatieve behandeling moeten plaatsvinden om achteruitgang van de 
nierfunctie te voorkomen. Met name wanneer de functie van de nier nag 
normaal is, terwijl er wei een verwijding van het afvoersysteem wordt 
gevonden is het met de gangbare methoden niet altijd mogelijk vast te 
stellen of er inderdaad sprake is van een dusdanige mate van obstructie 
dat operatieve behandeling noodzakelijk is. In dit proefschrift wordt een 
nieuwe onderzoeksmcthode (Doppler echografie) beschreven en ver-
geleken met de gangbare onderzoeken (echo en lasix renografie). De 
belangrijkste vraagstelling was te onderzoeken of deze nieuwe methode 
op cen betrouwbaarder wijze de mate van obstructie ZOll kunnen 
vaststellen. Eerst is de methode getest in een proefdiermodel, in een 
latere fase is onderzoek bij patienten verrichl. 
De in dit proefschrift beschreven ontwikkeling van een nieuw 
experimenteel diermodel met partiele obstructie van de ureter bleek 
eenvoudig, betrouwbaar en omkeerbaar te zijn (hoofdstuk 2). Het model 
is gebruikt om de gevolgen van unilaterale obstructie van verschillende 
ernst in drie experimenten te bestuderen. 
In het eerste experimentele onderzoek (hootdstuk 3) werden de 
effcctcn onderzocht van intravencuze vocht toediening, met en zander 
diureticul11 op de renale "resistive index" (RI) van geobstrueerde en niet 
geobstrueerde nieren. In unilaterale partiele obstructie, nam de RI na 
intraveneuze vochttoediening met furosemide toe bij obstructie en l1am 
deze af in de niet-geobstrueerde nier. Een dergelijk divergerende reactie 
kan nuttig zijn voor de ontwikkeling van een farmacologisch onderzoek 
am geobstrueerde nieren beter te kunnen diagnosticeren. 
In het tweede experiment (hoofdstuk 4) werden de verande-
ringen in nier RI en nierfunctie over een langere peri ode bestudeerd, 
gerelateerd aan verschillende graden van p31iieie obstructie en werd de 
correlatie bepaald tussen eChografische en renografische bevindingen. 
Unilaterale partieie obstructie van de ureter veroorzaakte een toename 
van de RI en de T 112 en een afname van de effectieve renale plasma 
flow (ERPF) van de aangedane nier, in combinatie met een afname van 
132 SAMENV A TTING 
de RI en cen toename van de ERPF van de contralaterale mer. Hoe 
ernstiger de mate van obstructie was, hoe grater de toename van RI en 
TI/2 en de afname van ERPF bleek te zijn. Na stabilisatie van de 
obstructie waren RI en TI/2 positief gecorreleerd. 
In het dcrde experiment (hoofdstuk 5), werden de verande-
ringcn in RI en nierfunctie voor en na ophetfen van de verschillende 
graden van unilaterale partiele obstructie bestudeerd. 
Uit dit ondcrzoek kunnen de volgende conclusies worden getrokken: 
1. unilaterale paliieie ureter obstructie veroorzaakt cen toename 
van de RI en T I /2 en een afname van ERPF in de aangedane 
nier, 
2. na opheffcll van de obstructie neemt de nierfunctie weer toe met 
terzelfder tijd afname van de RI 
3. functionele parameters (TII2, RI of ERPF) van de geobstru-
eerde nier zijn geen graadmeters voor het herstel van ERPF na 
opheffen van de obstructie 
4. een snel herstel van de aanvankelijk verhoogde RI is een vroege 
indicator voar het herstel van nierfunctie na opheffen van cen 
ureterobstructie 
In aansluiting op de 3 experimentele onderzoeken werden een drietal 
klinische studies bij kinderen uitgevoerd. In het eerste onderzoek 
(hoofdstuk 6) werd het effect onderzocht van vasten, intraveneuze 
toediening van fysiologisch ZOllt en de toediening van furosemide aan 
kinderen met normalc hogere urinewegen op de Resistive Index. De RI 
bij gezonde kinderen bleek leeftijdsafllankelijk te zijn. Gedurende 
vasten bleek de RI bij 54% van de niet-geobstrueerde kinderen hoger 
dan 0.70 te zijn. Intraveneuze toediening van fysiologisch zout en toe-
diening van furosemide kunnen onafhankelijk van elkaar een signifi-
cantc afnamc van de RI in niet-geobstrucerde nieren veroorzaken. 
III de tweede klinische studie (hoofdstuk 7) word het effect bestudeerd 
van hyperhydratie met fysiologisch zout en furosemide op de RI in 
killderen met een obstructieve uropathie. Uitgaande van eell RI van 0.70 
als de kritische grens voor voorspellende waarde van obstructie, werd 
een sellsitiviteit vall 82 vs 100 procent (P<0.006), een specificiteit van 
63 vs 94 procellt (P<0.04) en overall accuracy van 76 vs 98 % 
(P<0.0005) vastgesteld voor Doppler studies tijdens basale waardell ell 
gei'nduceerde diurese. Uit dit ollderzoek blijkt dat Doppler onderzoek na 
hyperhydratie met fysiologisch zout en furosemide een nauwkeurige 
methode is om renale obstructie bij kinderen vast te stell en. Het is sen-
sitiever, specifieker en nauwkeuriger dan basale Doppler onderzoeken. 
In het derde klinische onderzoek (hoofdstuk 8) werd het etfect 
van hyperhydratie met nonnaal fysiologisch zout ell furosemide op de 
nier RI bij kinderen met een zogenaamde lequivocal' obstructieve 
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uropathie onderzocht. Dit is de graep kinderen waarbij op grand van een 
diurese renogram geen uitspraak kan worden gedaan of er nu wei of niet 
sprake is van cen echte obstructie; er is cen vertraagde washout met eell 
TI/2 tussen de 10 en 20 minuten. Bij deze kinderen bleek de bepaling 
van Doppler RI voor en na toediening van f'ysiologisch zout en 
furosemide cen goede methode te zijn om te differentieren tussen 
geobstrueerde en niet-geobstrueerde systemen. 
Concluderend kan worden gesteld dat het bepalen van de resistentie-
index van de nief cell bruikbare methode is om patienten met cen 
obstructieve uropathie te identificeren. Op dit moment is de nier RI 
echter niet in staat om nauwkeurige anatomische informatie te 
verschaffen. De resistentie-index kan dam·om nag niet als op zichzelf 
staand onderzoek worden gebruikt am een patient met obstructieve 
uropathie te onderzoeken. Het is cen goede aanvulling op het diurese 
renogram en kan heel goed worden gebruikt om als niet-invasief 
onderzoek cell verwijd afvoersysteem te controleren wanneer wordt 
gckozen voor cen conservatief beleid. Oak oa ceo operatieve correctie 
van cen obstrllctie van het afvoersysteem kan deze methode worden 
toegepast tijdens de periode van follow-up. 
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